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8SUMMARY
Numerous studies have documented the benefits of including the real estate in mixed-
asset portfolios1. However, in practice, the expensive unit price and illiquidity of
properties make investment in real estate not an ideal choice as it supposed to be. But
the characteristics of real estate securities overcome many of the drawbacks related to
direct real estate. So, the importance of securitized real estate market has drawn much
attention during the past decades.
On the other hand, the recent episodes of financial crises in emerging economics have
highlighted the need for more sophisticated internal market risk control systems as
well as the appropriate external controls, among which the Asian Financial Crisis
(AFC) and Global Financial Crisis (GFC) have the greatest impacts on the global
economy. Though extreme dependence has been increasingly studied in the general
finance literature, less formal attention has been given to the relationships between
securitized real estate and stock markets under extreme conditions, e.g. the market
turmoil periods associated with the 1997 Asian Financial Crisis and the recent Global
Financial Crisis events.
A lot of previous studies in international securitized real estate and stock market
correlation suggest that correlation increases when large absolute value returns occur,
especially when the market crashes, that is, when investors suffer losses. Since the
1 Hoesli et al (2004) and Mackinnon and Al Zaman (2009).
9widely used Pearson correlation gives the same weight to extreme realizations as to
all other observations, when the dependence structure for extreme returns is different
from other returns, it leads to wrong conclusion and increase the risk for portfolio
investors building optimized portfolios containing both real estate securities and
stocks.
In our research, extreme value theory is preferred, for it holds for a wide range of
parametric distributions of returns. To provide implications for the portfolio theory
and other finance applications such as hedging, credit spread analysis and risk
management, etc, the extreme correlation among extreme returns of securitized real
estate and stock markets is estimated following Longin and Solnik (2001), and tail
dependence coefficients (TDCs) is estimated by symmetrized Joe-Clayton (SJC)
copula model proposed by Patton (2006).
The daily returns of 14 global mature financial markets, among which Australia, Hong
Kong, Japan and Singapore are from Asian-Pacific region, Belgium, France, Germany,
Netherlands, Spain, Sweden, Switzerland and the United Kingdom, are from Europe,
Canada and the United States are from North America, are applied here dating from
July, 1992 to August, 2011. It gives us at least a 19-year horizon, covering major
international market events like the Asian Financial Crisis in 1997, the introduction of
Euro in 1999, the September 11 attack, the Iraq War in 2003 and the recent Global
Financial Crisis in 2007.
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Our study finds asymptotic dependence between securitized real estate and stock
returns in most countries, as well as between local markets and regional and global
markets. Tail independence can be rejected, indicating the diversification benefits
diminish in those countries with high local tail dependence during extreme periods.
For Asia-Pacific countries, extreme correlations are significantly high between their
local securitized real estate and stock markets, but quite low between local securitized
real estate market and regional or global stock market, especially with global stock
market, indicating a diversification benefits in Asia-Pacific securitized real estate
markets for international investments. For European countries, the dependence levels
between local and regional markets are comparatively lower than those among Asian
countries, most of them still show higher diversification benefits for international
investment in stock markets. In the North American countries, less diversification
benefits can be found among local markets in Canada, as well as in the US for
international investments.
The results of this study provides valuable insights for academic researches and
international investors building optimized portfolios containing both real estate
securities and stocks. Then properties of the extreme correlation and SJC Copula tail
dependence from local, regional and global perspectives are studied, based on the
accumulated evidence of global integration and contagion. This shed light to portfolio
investors interested in international cross-asset investment. Finally, we compare
11
extreme correlation and SJC Copula tail dependence we estimated with those
common measures in practice, and further investigate the links between extreme
correlation and SJC Copula tail dependence. Hence we provides implications for
financial practices such as portfolio tail diversifications, portfolio selections, portfolio





Portfolio investors treat real estate as a good option for diversification strategy, for the
reported sufficiently low correlation between real estate and stock returns (Oikarinen,
2009). The only concern is that a direct investment on real estate needs to be involved
in day to day management and time commitment in property ownership. However, for
listed property companies, listed real estate operating companies (REOCs) and listed
real estate investment trusts (REITs), etc, such concerns are eliminated, for their
underlying assets are transacted in the private real estate markets and their shares are
traded in the stock markets. Meanwhile, they still capture the high yield and potential
capital appreciation of investing in real estate, and retain the diversification benefit2,
hence they are still the interest of portfolio investors, making further studies necessary
and meaningful.
However, the interactions found by many studies among real estate securities and
stock returns make the benefit of diversification weakened in many countries(Liu et
al., 1990; Eichholtz, 1997; Clayton and MacKinnon, 2003). The risk premiums on
equity REITs are found to significantly related to three Fama-French factors driving
2 Khoo et al.(1993) and Ghosh et al.(1996) demonstrate that the correlation of U.S. R
EITs with common stocks has been declining.
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common stock returns (Peterson and Hsieh, 1997). A diminished benefits of
diversification by including REITs in multi-asset portfolio (Ling and Naranjo, 1999;
Glascock et al.,2000), as well as a long-term co-memories and short-run dynamic
adjustments between securitized real estate and stock markets (Liow and Yang, 2005)
are also demonstrated. On the other hand, however, the common macroeconomic
factors driving the prices of stocks and real estate are found to have weakened due to
the growing influence of international investors on national stock markets (Oikarinen,
2009), making the stock prices more driven by global forces while real estate prices
by local factors. The effects of real estate consumption on stock market also have
weakened due to the financial market globalization, since local consumption is not so
important to international investors (Piazzesi et al., 2007).
Meanwhile, the recent episodes of financial crises (Finnish Banking Crisis of 1990s,
the Black Wednesday of September 16th 1992, the Economic Crisis in Mexico of 1994,
the Asian Financial Crisis of 1997, the Russian Financial Crisis of 1998, the 2008-
2012 Global Recession, the Financial Crisis of 2007-2011 and European Sovereign-
debt Crisis since 2010) have show that real estate markets are also involved when the
stock markets are affected by the crashes in financial markets and the recession of
economy, which have highlighted the need for more sophisticated internal market risk
control systems as well as the appropriate external controls. The Asian Financial
Crisis (AFC) and Global Financial Crisis (GFC) have the greatest impacts on the
global economy:
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The AFC was a period of financial crisis that affected much of Asia between June
1997 and January 1998 and raised fears of a worldwide economic recession. Over the
previous decade the GDP of Southeast Asian economies had expanded by 6% to 9%
per annual compounded3, with an investment boom in commercial and residential
property accompanied with the economic growth lead by exportation. The crisis
started in Thailand in 1997. By January 1998, the stock markets in many of these
markets had experience a loss of over 70%4. Meanwhile, the emerging company
closures and downsizing had resulted in lower demand for commercial, industrial and
residential properties, which put downward pressure on property prices and rentals of
several Asian markets: in Hong Kong, some investors withdraw their hot money, due
to the lack of direct intervention in capital markets and political uncertainty after the
handover of Hong Kong sovereignty5; while the active government management has
successfully relief the AFC influence on Singapore's economy6; prominent in the
region, the economy of Japan was seriously affected; comparatively, Australia was
less affected, but still suffered from a loss of demand and confidence. The European
countries are also affected by AFC7, exports to Asian countries are reduced
dramatically for their abruptly eliminated purchasing power due to the devaluation of
3 Souces: World Bank national accounts data, and OECD National Accounts data files.
4 Goldstein, M.(1998). The Asian financial crisis. Institute for International Economics, Washington,
DC.
5 King, M.R.(2001), Who triggered the Asian financial crisis, Review of International Political
Economy 8, 3, Autumn 2001, 438-466.
6 Jin, N. K. (2000). “Coping with the Asian Financial Crisis: the Singapore Experience”. Institute of
Southeast Asian Studies, Visiting Researchers Series no. 8
7 Bridges, B. (1999) ‘Europe and the Asian Financial Crisis: Coping with Contagion’,Asian Survey, 39,
3 May–June, 456–67.
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Asian currencies, which also make price of products from Asian countries more
competitive compared to European or American companies in global markets, as well
as in local markets, discouraging both investment and consumption. The United States
is also influenced by the AFC8, leading to a drop in consumer confidence on Asian
economies, as well as indirect effects like the housing bubble and the sub-prime
mortgage crisis9. Though, the AFC still provides Asian countries with an incentive to
reform their economic systems, and to initiate restructuring to attain sustainable
economic growth.
The GFC exploded in 2007, triggered by the bursting of the US housing bubble, has
caused the collapse of financial institutions, banks, stock markets, and housing
markets all over the world. The decreasing interest rates and large inflows of foreign
funds have created easy credit conditions for many years prior to GFC. Furthermore,
financial innovations, such as mortgage-backed securities (MBS) and collateralized
debt obligations (CDO), enabled international institutions and investors, mainly from
the Asian emerging economies and oil-exporting nations, to invest in the U.S. housing
market, accelerating housing construction boom and encouraging debt-financed
consumption, resulting in the soaring price of the US10. Meanwhile, the percentage of
subprime mortgages rose from less than 8% to approximately 20% from 2004 to 2006.
8 The Dow Jones industrial plunged 554 points or 7.2% on 27 October 1997.
9 International investors were reluctant to lend to developing countries, resulting in inadequately
developed financial sectors and mechanisms in the troubled Asian economies, and an ever increasing
funding for US treasury bonds, allowing or aiding housing and stock asset bubbles to develop.
10 Shiller, R. J. (2008). The Subprime Solution: How Today’s Global Financial Crisis Happened, and
What to Do about It, Princeton, NJ, Princeton University Press
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However, by September 2008 after the outbreak of GFC, the average housing prices
had dropped by over 20% from their peak at 2006. The GFC expanded from the
housing market to other parts of the economy around the world. The foreclosure
increased by 79% during 2007 over 2006. Major global financial institutions reported
significant losses, leading to liquidity problems in the US banking system. Credit
availability and investor confidence are damaged, impacting global stock markets.
However, according to the literature, far less evidence can be found to study the
relationship between real estate security and stock markets under extreme conditions,
such as AFC and GFC. Extreme dependence between securitized real estate and stock
markets identifies and models the joint-tail distribution of returns based on bivariate
extreme value theories, to examine the frequency of extreme cross-market co-boom
and co-crash among securitized real estate and stock markets. Though extreme returns
appear in the tails of return distributions, they influence the magnitude of all moments,
and the dependence among extreme returns is of crucial importance to portfolio
managers (Zhou and Gao, 2010), which has been accentuated by the recent financial
crisis (Hilal, Poon and Tawn, 2011). Correlations conditioned on exceedances may
deviate significantly from the unconditional correlation (Boyer et al, 1997; Loretan
and English, 2000), and the measured correlation conditioned on a given bullish trend,
bearish trend, high or low market volatility, may in general differ from and be a
function of the specific market phase (Malevergne and Sornette, 2002). In addition, an
increase in the frequency and magnitude of joint extreme movements across asset
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markets is also demonstrated (Longin and Solnik, 2001; Hartmann et al., 2004).
Besides, it is shown that under extreme periods, different countries exhibit different
dependence structure (Brooks and Del Negro, 2005, 2006; Forbes and Rigobon, 2002;
King et al., 1994; Lin et al., 1994; Longin and Solnik, 1995, 2001; Poon, Rockinger
and Tawn, 2004; Bekiros and Georgoutsos, 2007; Liow et al., 2009; Hoesli and Reka,
2011; Liow and Li, 2011), indicating that the diversification benefits for portfolio
investors can be quite different for assets from different countries during extreme
periods, and the lack of knowledge of the dependence structure among assets could
lead to estimation errors of portfolio risk. On the other hand, according to the previous
research, different conclusions can be reached based on different methodologies
conducted in different countries, making the results insufficient with limited
implication for international investors in portfolio tail diversifications, portfolio
selections, portfolio risk management and hedging strategies.
To grasp the dependence structure between assets, different methods have been
proposed in finance literature. The most common dependence measure, linear
correlation coefficient
ρ
, has been challenged (Longin and Solnik, 2001; Embrechts
et al., 2003; Rachev et al., 2005), for it makes no distinction between large and small
returns (Poon, Rockinger and Tawn, 2004). Moreover, it is only useful for
multivariate normal distributions and does not account for the structure of dependence
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as well as the structure breaks of dependence over time11(Embrechts, McNeil, and
Straumann, 1999). Hence alternative dependence measure is needed (Frahm, Junker
and Schmidt, 2006), and multivariate extreme value theory (MEVT)12 is preferred for
it holds for a wide range of parametric distributions. Longin and Solnik (2001) apply
their methodology on monthly stock market returns from five mature capital markets,
and show that their asymptotic distribution is different from the multivariate normal
and the correlations across international equity markets are trend dependent. On the
other hand, recent studies have highlighted the use of copulas to model tail
dependence (Joe, 1997; Knight et al., 2005; Nelson, 2006; Jondeau and Rockinger,
2006; Patton, 2006; Zhou and Gao, 2010). Copulas reveal both the strength of
dependence and dependence structure, and accommodate a variety of tail behaviors,
ranging from tail dependence to tail independence, allowing for asymmetric
dependence between upper and lower tails.
1.2 Research aims and and specific objectives
The research aims is to examine the extreme dependence of the mature securitized
real estate and stock markets in 14 countries (Australia, Hong Kong, Japan and
Singapore; Belgium, France, Germany, Netherlands, Spain, Sweden, Switzerland and
the UK; Canada and the US) from Asian-Pacific, Europe and North America, dating
from July, 1992 to August, 2011, to study how the securitized markets and stock
11 A recent study of Liow et al. (2009) investigated the dynamic correlations among some international
real estate securitized markets using the dynamic conditional correlation (DCC) model of Engle (2002).
12 Multivariate extreme value theory applies when we are interested in the joint distribution of extremes
from several random variables.
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markets interact with others under the extreme market conditions, based on the
accumulated evidence of global integration and contagion.
Specifically, the objectives of our study includes:
(a) Based on the extreme value theory, to estimate the extreme correlation (Longin
and Solnik, 2001) between the securitized real estate and stock market in 14 countries
from local, regional and global perspectives.
(b) Applying symmetrized Joe-Clayton (SJC) copula13 (Patton, 2006) to estimate both
the constant and time-varying tail dependence coefficient (TDC)14 between
securitized real estate and stock markets in each 14 counties from local, regional and
global perspectives.
(c) To investigate the time-varying tail dependence between securitized real estate and
stock markets in the 14 countries over the 19 years and the impacts of major
international market events on the extreme dependence between two assets, like the
Asian Financial Crisis in 1997, the introduction of Euro in 1999, the September 11
attack, the Iraq War in 2003 and the recent Global Financial Crisis in 2007.
13 Symmetrized Joe-Clayton (SJC) copula allows both upper and lower tail dependence, as well as both
asymmetric and symmetric dependence, which is further illustrated in details in Chapter 5.
14 A common measure of tail dependence of which the concept describes the amount of dependence in
the lower left-quadrant tail or both asymmetric and symmetric dependence, which is further illustrated
in details in Chapter 5.
14 A common measure of tail dependence of which the concept describes the amount of dependence in
the lower left-quadrant tail or upper-right-quadrant tail of a bivariate distribution.
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(d) To evaluate the relationship between the extreme correlation and the SJC Copula
TDCs and how they complementary to each other, with particular attention given to
periods where global events shock the markets, providing indications to choose the
optimal indexes for portfolio investors interested in international cross-assets
investments in practice, minimizing portfolio risks.
Our research contributes to the literature as well as industry in four aspects:
(a) Our research extends the literature, for this is the first research in real estate study
that utilizes extreme correlation estimation by Longin and Solnik (2001) and the
symmetrized Joe-Clayton (SJC) copula proposed by Patton (2006) to measure the
extreme dependence between securitized real estate and stock markets from a global
respect in extreme market conditions, which is not found in the literature reviewed;
(b) It provides interesting evidence on extreme dependence between real estate
securities and stocks with different market background and at different times, to
examine if the benefits from portfolio diversification with real estate securities from
the different stock markets are eroded in all countries during crisis periods, while in
the literature, no such long study period are found among so many countries from
international perspective.
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(c) Based on panel analysis, our research firstly investigates how the application of
extreme correlation and tail dependence complements each other, as well as how
different measures capture different information in dependence structure between
securitized real estate and stock markets in the literature, which still remains an
uncertain question for portfolio managers developing investment strategies to refer to
in practical.
(d) It provides implications for financial practices such as portfolio tail
diversifications, portfolio selections, portfolio risk management, hedging strategies,
and assets allocation for the international portfolio investors who are interest in
investment in those countries.
1.3 Market background and data sample
1.3.1. Market Background Studies
These 14 public real estate markets selected here from Asia-Pacific, Europe and North
America (Australia, Hong Kong, Japan and Singapore; Belgium, France, Germany,
Netherlands, Spain, Sweden, Switzerland and the UK; Canada and the US) have the
largest market capitalization in real estate securities, comprising around 89% of the
total global real estate market and 72% of the total global stock market. However,
there are significant differences in maturity and behavior of these markets, such as
market capitalization, institutional and regulatory frameworks, market transparency,
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trading system and transaction costs. The further investigation of the securitized real
estate and stock markets of 14 matured financial countries is discussed in details in
Chapter 3.
1.3.2. Data Sample
Here we use the daily returns of indices of 14 pairs of developed global securitized
real estate and common stock markets from the Standard and Poor (S&P) Global
Property and BMI database in local currencies from July 1, 1992 to August 12, 2011,
giving us at least a 19-year horizon, covering major international market events like
the Asian Financial Crisis in 1997, the introduction of Euro in 1999, the September 11
attack, the Iraq War in 2003 and the recent Global Financial Crisis in 2007, and more
details are discussed in Chapter 3.
1.4 Theoretical framework and Methodology
In Chapter 4, an estimation of extreme correlation is presented (Longin and Solnik,
2001) through three steps: the optimal threshold values selection, modeling of the tails
of the marginal distributions, and the modeling of the dependence structure. In
Chapter 5, we estimate the tail dependence coefficient (TDCs) using symmetrized
Joe-Clayton (SJC) copula (Patton, 2006) through the estimation of marginal
distribution as well as joint distribution, and discuss the links and complementary
effects of extreme and SJC Copula TDCs based on cross-sectional panel studies. The
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methodologies and empirical models are further illustrated in details in Chapter 4 and
Chapter 5.
1.5 Organization
In Chapter 1, the background, research data, research objectives, data, and and
methodologies are summarized. In Chapter 2, the literature on theoretical
development as well as empirical evidence of researches are reviewed. Chapter 3
describes the market backgrounds and the descriptive statistics of data sample. In
Chapter 4, the extreme correlation are estimated following an estimation procedure
proposed by Longin and Solnik (2001). In Chapter 5, the tail dependence coefficients
(TDCs) are estimated using symmetrized Joe-Clayton (SJC) copula proposed by
Patton (2006), the complementary effects of extreme correlation and SJC Copula
TDCs are explored based on cross-sectional panel studies, and the implications on
portfolio managements and risk management for international investors are also
discussed. Chapter 6 gives major findings and summarized implications, as well as the





In this chapter, the literature on theoretical development as well as empirical evidence
of researches on extreme dependence between securitized real estate and stock
markets are reviewed. Firstly, it reviews the early related background studies, mainly
focused on the analysis of dependence structure between securitized real estate and
stock markets. Then the empirical evidence of its impact on international
diversification, as well as the concept and methodology of extreme dependence
estimation are reviewed. Finally, the improvements and contribution that we can make
to fill the gaps in real estate literature are summarized.
2.2 Review on theoretical and empirical studies of markets
2.2.1 Studies on relationship between real estate market and stock market
According to the limited studies on the interdependence between different asset
classes, especially between real estate and stock markets, those studying short-term
dynamics typically implies that stock market lead real estate market. And it is
proposed that the contribution of real estate price to forecast mean square error of
stock price is less than that of stock price to forecast mean square error of real estate
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price in China (Yen and Na, 2009). Strong current and lagged effect of stock market
on real estate market is also reported in the US (Jud and Winkler, 2002), in Taiwan
(Chen, 2001), in Sweden (Englund et al., 2002), and in Finnish asset markets (Takala
and Pere, 1991).
The long-term dependence between real estate and stock market prices is of particular
interest since real estate investment is typically a long-horizon investment due to its
relatively low liquidity and large transaction costs. For studies on it, an important time
series concept of co-integration is applied to estimate the long-run diversification
potential. Some researches report sufficiently low correlation between real estate
returns and stock returns implying significant diversification opportunities (Oikarinen,
2009): in the US, correlation between real estate and stocks was found to be -0.06
from 1947 to 1982 (Ibbotson and Siegel, 1984), to be -0.25 using quarterly data from
1977 to 1986 (Hartzell,1986); in the UK, such correlation is found to be 0.039
(Worzala and Vandell, 1993); in Canada, UK, and the US, it is found to be -0.10, -0.08
and -0.09 (Eichholtz and Hartzell, 1996); in Hong Kong, a low contemporaneous
correlation is also found over the period 1980 to 1996 (Fu and Ng, 1997).
Though there is accumulated evidence of the real estate diversification benefits, the
low observed correlation could be an illusion of the data15. Hence, commercial real
15 Real estate trades infrequently, and researchers must rely on smoothed indexes based on appraisals or
inferred prices and thus underestimate the true volatility of the commercial real estate time series as
well as the covariance between real estate price changes and stock returns.
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estate may provide less diversification benefit. Moreover, some other studies indicate
that such a benefit is diminished due to the increasing degree of interdependence. For
example, a positive quarterly correlation between real estate and stock returns in the
US (Gyourko and Keim, 1992); a long-run interaction between real estate and stock
prices in Finland and Sweden (Takala and Pere, 1991; Barot and Takala, 1998); a
multivariate co-integration among the appraisal-based real estate market, the stock
market, the bond market and T-bills(Chaudhry et al., 1999); as well as a relatively
high correlation between excess returns on stocks and real estate in Hong Kong (Fu
and Ng, 2001).
Some propose that both real estate and stock prices are driven by expectations of
future economic growth. And some others propose that real estate price is more linked
to stock prices than to the macro-economy. While some suggest that such correlation
arises because of current economic fundamentals, such as the level of economic
activity and interest rates, instead of expectations(Quan and Titman, 1999). It is also
concluded that the common macroeconomic factors driving price formation of real
estate and stocks may create long-run linkages of both the markets (Oikarinen, 2009).
Moreover, based on the general equilibrium model (Piazzesi et al., 2007), real estate
consumption is expected to affect the discount factor for stocks. While this channel
may significantly have weakened due to the financial market globalization and the
growing influence of international investors on the national stock markets. This makes
stock prices are increasingly driven by global forces, while real estate prices are
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mostly driven by local factors. On the other hand, the growing foreign ownership of
stocks increased the efficiency of stock markets, and inefficiency of the real estate
market depress their contemporaneous correlation (Fu and Ng, 2001). Moreover,
increased investment opportunities can increase the stock prices and real interest rates,
which will reduce the value of commercial properties. And the cost of labor could also
induce a negative relation between stock prices and commercial real estate values.
Also, changing risk premiums and subjective time preferences, alternations in tax
rules, market interventions of the public sectors, as well as changes in labor costs and
innovations increase productivity may induce structural breaks in the long-run relation
(Quan and Titman,1999).
For real estate securities, it is acceptable that significant co-integration can be found
in many literature with stock markets (Liu et al., 1990; Clayton and MacKinnon, 2003;
Liow and Yang, 2005). Risk premiums on equity REITs are shown to be significantly
related to three Fama-French factors driving common stock returns (Peterson and
Hsieh, 1997). Using series of commonly used multifactor asset pricing models, US
REITs are shown to integrate with the stock market and the degree has significantly
increased during the 1990s (Ling and Naranjo, 1999). And the benefits of
diversification by including REITs in multi-asset portfolio are found to diminish after
1992 (Glascock et al., 2000).
However, far less formal attention has been received to study the extreme dependence
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between real estate securitized and stock markets. High tail dependence coefficients
and an asymmetric feature can be observed from the extreme joint behavior of the
securitized real estate and stock markets in the US, the UK and Australia (Hoesli and
Reka, 2011). On the other hand, the tail dependence between the securitized real
estate and stock markets among 8 Asian markets shows that the extreme dependence
patterns are similar for many of the Asian-Pacific economies, and the correlation
coefficients are not adequate for explaining their extreme co-movements in the longer
period (Liow and Li, 2011).
2.2.2 Studies on impact of extreme events
Extreme events are significant determinants of the character and evolution of many
natural and human systems. An extreme event is not simply "something big and rare
and different." In many cases, indeed, the extreme event does not exist independent of
its context.16 Rare events are important in asset pricing and portfolio choice in studies
in finance, for they appear in the tails of returns distributions but directly influence the
magnitude of all moments. One manifestation of the impact of rare events is the effect
of event risk on portfolio holding strategies, for an investor facing event risk is less
willing to take leverage or short positions(Liu, Longstaff, and Pan, 2003). And value-
at-risk (VaR) constrained managers will hold a very different portfolio and will often
choose a larger exposure to risky assets than a non-risk-regulated manager (Jansen,
Koedijk, and de Vries, 2000). While the recent financial crises have accentuated the
16 Sarewitz, D. and Pielke, R. (2001) ‘Extreme Events: A Research and Policy Framework for Disasters
in Context’, http://www.albany.edu/cpr/xedm/Materials/Sarewitz-Pielke2001.pdf.
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fact that extreme returns have been overlooked and not dealt with adequately (Hilal,
Poon and Tawn, 2011). And the existence of tail risk is not adequately account for by
risk models of financial firms(Berkowitz, 2001).
Since tail risk is informally defined as the additional risk in fat-tailed return
distributions to normal distributions17, hence it can not be captured by volatility, an
appropriate risk measure when returns are normally distributed (Hilal, Poon and Tawn,
2011). Different methods have been proposed in the increasing literature to study
extreme events: since tail risk is the risk beyond volatility, it is necessary to remove
possible effects of volatility. For example, estimate the Skew-t-GARCH model for
demeaned return series to obtain the estimates of tail-fatness and skewness of
standardized return (Li and Rose, 2008). An equilibrium model of rare event premia is
also proposed when the rare events are unpredictable and cannot be hedged using
tradable instruments (Poon, Rockinger and Tawn, 2004). And the major efficient way
of studying these rare events is through extreme value theories (Poon, Rockinger and
Tawn, 2004), for example, to construct a portfolio when an additional constraint is
placed on downside risk(Jansen, Koedijk, and de Vries, 2000).
17 It is assumed that the distribution of returns of a portfolio will follow a normal pattern, and the
probability that returns will move between the mean and three standard deviations, either positive or
negative, is 99.97%. That is, the probability of returns moving more than three standard deviations
beyond the mean is 0.03%. However, the concept of tail risk suggests that the distribution is not normal,
but skewed, and has fatter tails, which increase the probability that an investment will move beyond
three standard deviations. Hence tail risk can be defined as a form of portfolio risk when the possibility
for an investment move more than three standard deviations from the mean, which is greater than what
is under a normal distribution. Distributions that are characterized by fat tails are often seen when
looking at hedge fund returns.
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However, less formal attention has been received in the real estate literature. An
extreme risk study on nine major international REIT market finds that the extreme
risks for REITs are generally higher than those of stock markets, especially during the
recent global financial crisis (Zhou and Anderson, 2010). Also, the influences of
Asian financial crisis on the value-at-risk (VaR) dynamics were investigated in
several international securitized real estate markets (Liow, 2008). The extreme risks
for REITs are generally higher than those of stock markets on nine major international
REIT market , especially during the recent GFC (Zhou and Anderson, 2010).
2.2.3 Studies on distribution assumption of assets return
To further explore the extreme events in financial market, the studies on the
distribution assumption is necessary, of which normality used to be commonly
assumed. However, there is a growing body of literature suggesting that empirical
distributions of financial returns display a fat-tailed distribution, significantly
influenced by the behavior of extreme returns, the magnitude and frequency of which
is critically important to academics and practitioners (Tolikas and Brown, 2006). For
example, the asymptotic distribution of the daily returns of the NYSE could be
characterized by a Frechet distribution, implying a greater incidence of extreme
returns associated with the log-normal distribution (Longin, 1996, 2000, 2005). A
similar behavior is found for German stocks (Lux, 2000, 2001) and for UK stocks
over 1975-2000 (Gettinby et al, 2004).
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According to the literature, left tail is often heavier than the right tail. Some studies
have give possible reasons: returns are affected by news, and the increase in stock
prices caused by good news are dampened by the increase in risk premium requested
for the higher volatility, while the drop in stock prices caused by portion of bad news
gets further enlarged by the increase in the risk premium (Campbell and Hentschel,
1992; Jondeau and Rockinger, 2003).
2.2.4 Studies on market integration
Analyzing co-movement between asset markets is of critical importance for
diversification and risk management of international portfolios (Brooks and Del
Negro, 2005, 2006; Forbes and Rigobon, 2002; Liow et al., 2009; and Longin and
Solnik, 1995, 2001). And the co-movement of equity markets are often used as a
barometer of economic globalization and financial integration (Zhou and Gao, 2010).
Evidence has shown that financial markets exhibit strong interdependence, and
investors follow news closely on how major markets react and apply this knowledge
as part of their investment strategies in their interested markets (Becker et al, 1992).
On the other hand, the dynamics of such relationship according to the market
condition is also studied. It is shown that under extreme market, markets tend to be
more integrated. However, some other studies indicate no dramatic changes in how
two markets interact with each other under extreme condition. A clustering analysis
shows that no correlation breakdown has been observed in the Asia-Pacific countries,
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implicating that the benefits from portfolio diversification with assets from the Asia-
Pacific stock markets are not eroded during crisis periods (Bekiros and Georgoutsos,
2007). Also, no evidence of a structural change in adjusted correlation coefficients
between daily returns on the UK FTSE 100 and the German DAX stock indices
during the Mexican crisis is detected (Loretan and English, 2000).
2.3 Review on methodology of extreme dependence estimation
2.3.1 Studies on measure of correlation
It has been a common practice to measure cross-assets dependence required for an
optimal portfolio decision through estimation of linear correlation coefficient ρ , often
based on multivariate GARCH-type models (Zhou and Gao, 2010). Even though ρ is
easy to compute and interpret, the practice of it using as an all-purpose dependence
measure has been questioned (Embrechts et al., 2003; Longin and Solnik, 2001;
Rachev et al., 2005). Since it assigns equal weights to extreme observations and all
other observations, hence it may not be an accurate measure of dependence if extreme
returns present different patterns of dependence from the rest of the sample (Poon,
Rockinger and Tawn, 2004; Zhou and Gao, 2010). In addition, it assumes a linear
relationship and a multivariate Gaussian distribution, it might lead to a significant
underestimation of the risk from joint extreme events when returns are not drawn
from the class of elliptical distributions18 (Embrechts et al., 1999; Loretan and English,
18 An elliptical distribution is any member of a broad family of probability distributions that generalize
the multivariate normal distribution and inherit some of its properties,including Normal Distribution,
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2000; Zhou and Gao, 2010; ). Meanwhile, abundant evidence have shown that the
dependence between many important asset returns are non-Gaussian (Erb et al., 1994;
Longin and Solnik,, 2001; Ang and Chen, 2002; Ang and Bekaert, 2002). Finally,
though it measures the degree of dependence, it does not account for the structure of
dependence (Patton, 2006; Zhou and Gao, 2010), as well as the structure breaks of
dependence over time19.
For empirical evidence, the hypothesis of a constant conditional correlation is rejected
(Longin and Solnik, 1995; Tsui and Yu, 1999). The correlation increases in periods of
large volatility (King and Wadhwani, 1990; Ramchand and Susmel, 1998). Changes
of the unconditional correlations with time and the dynamic underlying structure are
observed by identifying shifts in ARMA-ARCH/GARCH processes (Silvapulle and
Granger, 2001), in regime-switching models (Ang and Bekaert, 2000), and in
contagion models (Ang and Chen, 2001; Quintos et al., 2001; Malevergne and
Sornette, 2002). The dynamic correlations among international real estate securitized
markets are also investigated using the dynamic conditional correlation (DCC) model
of Engle (2002) (Liow et al., 2009).
The correlation conditioned on a given bullish or bearish trend, high or low market
volatility, may in general differ from a fixed unconditional correlation, and be a
function of the specific market phase (Malevergne and Sornette, 2002). Thus, changes
Laplace Distribution, t-Student Distribution, Cauchy Distribution and Logistic Distribution, etc.
19 A recent study of Liow et al. (2009) investigated the dynamic correlations among some international
real estate securitized markets using the dynamic conditional correlation (DCC) model of Engle (2002).
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of correlation may only stem from a change of volatility or a change of trend of the
market but not from a real change of unconditional correlation. Strong evidence is
found that the correlations are not only time dependent but also state dependent and
trend dependent (Longin and Solnik, 2001). However, the degree of dependence of
extreme returns between seven Asia-Pacific stock markets and the USA are not
substantially different from the unconditional ones or those from multivariate
GARCH models (Bekiros and Georgoutsos, 2007), indicating that correlation
breakdown during crisis periods is not as popular as we used to believe.
On the other hand, multivariate EVT techniques are useful statistical approach to
quantify the joint behavior of co-exceedances of financial returns over a large
threshold value ( Longin and Solnik, 2001; Malevergne and Sornette, 2002).
Correlations between two variables conditioned on signed exceedance or on absolute
value exceedance of one or both variables is shown to deviate significantly from the
unconditional correlation (Boyer et al, 1997; Loretan and English, 2000). Moreover, it
is hard to say that the correlation is changing over time if the null hypothesis of the
distribution is not clearly specified. So, simply comparing estimated conditional
correlations based on volatile and tranquil periods can lead to wrong conclusions
(Longin and Solnik, 2001).
2.3.2 Studies on dependence structure and tail dependence
Dependencies between financial asset returns have been found to increase due to
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globalization effects and relaxed market regulation (Frahm, Junker and Schmidt,
2006). The lack of knowledge of the dependence structure among assets could lead to
estimation errors of portfolio risk, influencing the diversification benefits. The
dependence structure can be basically grouped into four types (Collin-Dufresne and
Hugonnier, 2004): independent, perfect dependent, asymptotic independent, and
asymptotic dependent. As one variable tends to its upper limit, the change of the other
variable close to its upper limit goes to zero for asymptotically independence, but to a
nonzero limit for asymptotically dependence. It means large values of each variable
will occur simultaneously more often. The dependence among extreme returns is of
crucial importance to portfolio managers for even widely diversifies portfolios,
especially during crisis periods (Zhou and Gao, 2010).
Asymptotic independence is found between many stock markets in France, Germany,
Japan, the United Kingdom, and the United States, where extreme dependence was
much stronger in bear markets than in bull market (Coles, Heffernan, and Tawn,
1999). An increase in the frequency and magnitude of joint extreme movements
across asset markets in the ongoing crisis is demonstrated (Longin and Solnik, 2001;
Hartmann et al., 2004). The asymptotic dependence between the United Kingdom,
Germany and France has increased over time; but asymptotic independence between
Europe, United States and Japan best characterized their stock markets
behaviour(Poon, Rockinger and Tawn, 2004).
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The widely held view that correlation across markets increases dramatically in large
negative shocks contradicts normal distribution in which the conditional correlation
tends to zero as the threshold tends to infinity (Loretan and English, 2000). Hence,
dependencies between extreme events need alternative dependence measure to
support beneficial asset-allocation strategies (Frahm, Junker and Schmidt, 2006). For
example, a GARCH framework based on conditional skewness and kurtosis in
addition to conditional variance (Harvey and Siddique, 1999; Rockinger and Jondeau,
2002). The concept of tail dependence, which measures the probability of an extreme
value of one variable given an extreme value of another variable, is also applied as a
useful tool to investigate the extreme cross-market linkages (Ane and Kharoubi, 2003;
Malevergne and Sornette, 2004; Li and Rose, 2008; Hilal, Poon and Tawn, 2011).
According to literature, tail dependence appears to increase more recently in the
European countries, with left tail dependence much stronger than right tail
dependence. But that is much weaker when estimated based on volatility-filtered
residual returns (Poon, Rockinger and Tawn, 2004), indicating heteroscedasticity
contributes greatly to tail dependence.
Less attention has been received in the real estate literature on the analysis of tail
dependence. A symmetrized Joe-Clayton (SJC) copula is applied to estimate the tail
dependence for six major real estate securities markets (Zhou and Gao, 2010). Quite
high tail dependence coefficients in both national and international analyses can be
observed from the extreme joint behavior of the securitized real estate and stock
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markets in the US, the UK and Australia (Hoesli and Reka, 2011). The tail
dependence between the securitized real estate and stock markets among 8 Asian
markets is also investigated. The estimation shows that the extreme dependence
patterns are similar for many of the Asian-Pacific economies, moreover, the
correlation coefficients are not adequate to explain extreme co-movements in the
longer period (Liow and Li, 2011).
2.3.3 Studies on Copula methodologies
There are several alternative methods to specify the dependence structure, such as
linear or non-linear regression and copulas. Based on previous discussion, linear
correlation doesn't always fit the real distribution and to overcome the drawbacks.
Since tail dependence is a copula property (Embrechts et al., 2003), recent studies in
finance have highlighted the use of copulas to model dependence (Zhou and Gao,
2010). According to a comprehensive review of copula theory (Joe, 1997; Nelson,
2006), a copula is a function that links together univariate distribution functions to
form a multivariate distributions and reveal not only the strength of dependence but
also the dependence structure, ranging from tail dependence to tail independence, and
also allow for asymmetric dependence between upper and lower tails.
The number of copula families is now quite large (Li and Rose, 2008). To explore
various possibilities regarding the existence and magnitude of upper and lower tail
dependence, five bivariate copula functions are widely applied: the normal Gaussian
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copula, the student’s t copula, the Clayton copula, the Gumbel copula and the
symmetrized Joe-Clayton (SJC) copula. And a battery of goodness-of-fit tests can be
applied to ensure the appropriateness of univariate model specifications and to
determine which copula best fits the data.
By copula models, the tail dependences between the US and UK property stock
markets are estimated(Goorah, 2007). The time-varying copulas are also applied to
the foreign exchange market and evidence of asymmetric tail dependence is found
(Patton, 2006). Regarding the real estate field, the constant symmetrized Joe-Clayton
copula is applied to examine the relationships between real estate and stocks for the
U.K. and global markets, and strong tail dependence, particularly in the negative tail,
is shown(Knight et al., 2005). Within the same methodological framework,
conditional tail dependence are also estimated in the US, the UK, Japan, Australia,
Hong Kong and Singapore (Gao and Zhou, 2010) and in international stock markets
(Jondeau and Rockinger, 2006). Finally, based on a mixed-copula approach, the
impact of the real estate mortgage crisis on the linkages between REITs and equities is
examined (Simon and Ng,2009), and REITs have an important ability to protect
against numerous downturns of the US stock market.
Zhou and Gao (2010) apply SJC to estimate the tail dependence for 6 major real estate
securities markets (U.S., U.K., Japan, Australia, Hong Kong, and Singapore). They
demonstrate that the linear correlation is an inadequate measure of market linkages
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and tail dependence describes the strength of cross-market linkages in periods of crisis
better. They adopt the semi-parametric method of Danielsson and de Vries (2000) to
construct the marginal distributions of the residuals, combining the advantages of the
nonparametric kernel and the statistical vigor of extreme value theory (EVT).
Moreover, they compare the results of the CCC model and of the constant SJC copula,
and those of the DCC model and of the time-varying SJC copula, and find
correlations and tail dependences are considerably different in their respective average
levels and dynamics. Despite its pioneering efforts, this study has some limitations.
First, its analysis is restricted to six countries. Second, it only explores the tail
dependence across real estate securitized markets, instead of that between stock and
real estate securitized markets, which is of more practical relevance for domestic
portfolio mangers and investors.
Hoesli and Reka (2011) observe high tail dependence coefficients in both national and
international for the extreme joint behavior of the securitized real estate and stock
markets in the US, UK and Australia. The volatility transmissions across markets are
examined and correlations are estimated by an asymmetric t-BEKK (Baba-Engle-
Kraft-Kroner) specification of the covariance matrix. And based on symmetrized Joe-
Clayton copula proposed by Patton (2006), they estimate both constant and time-
varying tail dependences. Then they test for financial contagion in the sense of Forbes
and Rigobon (2002) and Bae et al. (2003) to detect structural breaks in the copula
parameters by employing the test of Dias and Embrechts (2004). Spillover effects are
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found to be the largest in the US, both domestically and internationally, the other two
countries exhibit more mitigated relations and asymmetry, and the three local markets
influence more the volatility of the global market than the reverse. Further, different
dynamics between the conditional tail dependences and correlations are also
documented. Finally, evidence of market contagion between the US and the UK,
markets following the sub-prime crisis are also found. This paper explores the
extreme dependence between stock and real estate securities, and covers thoroughly
the different aspects of the interactions between assets or markets (i.e., volatility
spillovers, extreme joint behavior, and financial contagion). However, it only includes
three countries, which are unrepresentative and provide insufficient evidence.
Liow & Li (2011) study the extreme dependence between the real estate securities and
stock markets in Australia, China, Hong Kong, Japan, Malaysia, the Philippines,
Singapore and Taiwan between January 1995 and March 2011.The time series tail
dependence coefficients (TDC) are derived using the dynamic conditional correlation
(DCC) methodology of Engle (2002). The results indicate Singapore, Philippines and
Hong Kong have the highest extreme real estate–stock market co-movement of at
least 50%. During the GFC period, China, Hong Kong, Japan, Philippines and
Singapore display the highest extreme dependence to financial turmoil. Moreover, the
extreme dependence patterns of real estate-stock markets are found similar for many
of the Asia-Pacific economies. Additional GFC results imply that real estate markets
are getting more integrated with the local stock market in periods of financial turmoil.
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The cross-correlation between the time series structures of TDC and the correlation
coefficient is studied to understand any lead-lag behavior between them, with
particular attention given to the AFC and GFC periods. Correlation coefficients are
not adequate for explaining extreme co-movements between the securitized real estate
and common stock markets in the longer period, as well as in the two-year GFC
periods. However, this study is restricted only to Asian countries, which means little
for those international investors from other countries. Excluding those influential
economies like the US makes the results less meaningful. Also, the dynamic
conditional correlation (DCC) methodology of Engle (2002) is not flexible enough as
copula to grasp the extreme dependence.
Our study aims to overcome these limitations. The extreme dependence of the mature
securitize real estate and stock markets in 14 countries are examined from North
America, Europe and Asian-Pacific regions, dating from July, 1992 to August, 2011.
It is based on the estimation of the extreme correlation (Longin and Solnik, 2001) and
the constant and time-varying tail dependence coefficient (TDC) by symmetrized Joe-
Clayton (SJC) copula (Patton, 2006) from local, regional and global perspectives. The
relationship between the extreme correlation and the SJC Copula TDCs are also
evaluated to see how they complementary to each other, with particular attention
given to periods where global events shock the markets. This provides indications to
choose the optimal indexes for portfolio investors interested in international cross-
assets investments in practice, minimizing portfolio risks.
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2.4 Summary
This chapter reviews the literature. In Section 2.2, the theoretical development and
empirical evidence on extreme dependence between securitized real estate and stock
markets are reviewed, including studies in relationship between real estate and stock
markets, impact of extreme events, distribution of assets returns and market
integration. In Section 2.3, the concept and methodology of extreme dependence
estimation are also reviewed, covering studies in measure of correlation, dependence
structure, tail dependence and copula methodologies.
Based on previous review, though there are accumulating literatures on the extreme
dependence among different assets, studies focused on securitized real estate and
stock markets from a global respect in extreme market conditions are rarely found.
Moreover, different evidence in dependence degree and structure between securitized
real estate and stock markets can be found based on different methodologies and
different period of data (Liu et al., 1990; Gyourko and Keim, 1992; Hutchinson, 1994;
Barot and Takala, 1998; Ling and Naranjo, 1999; Glascock et al., 2000; Fu and Ng,
2001; Jud and Winkler, 2002; Bekiros and Georgoutsos, 2007; Liow and Li, 2011;
Hoesli and Reka, 2011). Hence a comprehensive study on the different degree of
dependence and dependence structure among international markets are necessary to
indicate if there would be any potential for cross-asset and cross-border
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diversification for global investors and country funds. Due to the various
methodologies proposed in the literature, few studies has examine the effectiveness
and superiorities of different measures, especially how different measures capture
difference information in dependence structure between securitized real estate and
stock markets. This may lead to confusion among portfolio investors who want
choose reliable measures to obtain optimal portfolio construction.
This research contribute to the literature for it is the first time that the extreme
dependence between securitized real estate and stock markets are estimated based on
extreme correlation estimation by Longin and Solnik (2001) and the symmetrized Joe-
Clayton (SJC) copula proposed by Patton (2006) from a global respect with different
market background and at different times. In the literature, no such long study period
are found among so many countries from international perspective. In addition, based
on panel analysis, it investigates how the two measures complement each other, as
well as how different measures capture different information in dependence. It still
remains an uncertain question in the literature for portfolio managers developing
investment strategies to refer to in practical.
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Chapter 3
Data Sample and Preliminary Characteristics
3.1 Introduction
This chapter give description of the data sample applied in this research. It firstly
investigate the market background of the 14 financial markets, followed by a
descriptive statistics of all markets. Then the simple common dependence measures,
including linear correlation as well as the Kendall's τ and Spearman's ρ , are
investigated.
3.2 Market Background Studies
In Table 3.1, a summary of macroeconomics indices (Nominal GDP; GDP per capita;
Inflation rate; percentage of Investment to GDP; three Property Price Indexes) of the
14 countries selected here in our research sample from Asia-Pacific(Australia, Hong
Kong, Japan and Singapore), Europe (Belgium, France, Germany, Netherlands, Spain,
Sweden, Switzerland and the UK) and North America (Canada and the US) are listed:
(Table 3.1 here)
45
Table 3.1 Summary of Macroeconomics Indices of 14 Countries
GDP(Norminal)① GDP per capita② Inflation rate③ Investment④ Property Price Indexes
US$
（Millions）










Australia 1,488,221 13 40,234 14 2.9 83 27.6 37 6.95 65.53 1.53
HK 243,302 40 49,137 5 4.5 126 20.6 96 23.49 150.42 0.66
Japan 5,869,471 3 34,740 24 -0.7 7 22.5 77 18.89 111.14 0.9
Singapore 259,849 38 59,711 3 2.8 76 45 1 16.6 106.28 0.94
Belgium 513,396 23 37,737 18 2.3 58 21.3 87 6.05 47.03 2.13
France 2,776,324 5 35,156 23 1.5 37 21 91 10.59 77.98 1.28
Germany 3,577,031 4 37,897 17 1.1 24 18.9 117 5.21 38.36 2.61
Netherlands 840,433 17 42,183 9 1.1 23 20.3 100 6.17 47.74 2.09
Spain 1,493,513 12 30,626 28 1.3 28 30.1 25 9.81 70.08 1.43
Sweden 538,237 21 40,394 13 1.4 31 19.6 112 8.4 59.84 1.67
Switzerland 636,059 19 36,090 22 0.7 13 21.5 84 6.84 43.73 2.29
UK 2,417,570 7 43,370 8 2.4 59 16.7 131 6.82 51.86 1.93
Canada 1,736,869 10 40,541 12 1.6 40 22.6 75 5.14 38.59 2.59
US 15,094,025 1 48,387 6 1.4 35 14.6 135 2.87 22.83 4.38
Notes:
①
International Monetary Fund (2011);
②
International Monetary Fund (2010-2011);
③
CIA World Factbook data (2009);
④
CIA World Factbook data (2008)
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From Table 3.1, we can see that those developed counties with highest GDP in the
world, the US, Japan, Germany and France, are covered by our research sample in
North America, Asia-Pacific and European regions respectively. Though the nominal
GDP of small economies, like Hong Kong and Singapore, do not rank that high, the
GDP per capital of them ranked the 5th and 3rd in the world. All the countries included
in our sample show high rank in GDP per capital, indicating strong productivity of
those countries. For Singapore, we can see that the percentage of Investment to GDP
(45%) is the highest over the world. The three Property Price Indexes: House Price to
Income Ratio, Mortgage as percentage of Income and Affordability Index, show that
Hong Kong, Japan, Singapore and France have the weakest purchasing power in
property, mostly are Asia-Pacific countries.
These 14 public real estate markets include the world's most significant listed real
estate equity markets with the largest market capitalization in real estate securities
with in the respective regions. The background summary of the real estate and stock
markets of these 14 countries are presented in Table 3.2.
(Table 3.2 here)
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Table 3.2 Summary of real estate and stock markets background of 14 countries.
Real Estate Listed Real Stock mkt Real Estate% of Stock
Australia 1.60% 30.24% 2.68% 10.67%
HK 2.14% 26.00% 4.30% 5.53%
Japan 14.25% 4.23% 8.27% 2.24%
Singapore 1.05% 25.98% 1.13% 9.29%
Belgium 1.21% 2.90% 0.92% 1.51%
France 5.63% 3.47% 4.40% 1.56%
Germany 7.92% 0.49% 3.60% 0.45%
Netherlands 1.68% 6.49% 0.96% 3.36%
Spain 3.32% 2.94% 1.88% 1.71%
Sweden 0.99% 9.90% 1.07% 3.54%
Switzerland 1.13% 3.07% 2.29% 0.63%
UK 7.73% 4.59% 6.83% 1.66%
Canada 2.94% 7.49% 3.71% 2.62%
US 37.42% 7.18% 29.96% 2.32%
Sources: World Bank Organization, FTSE, EPRA (1992-2011)
Notes：REAL Estate mkt gives the percentage of each real estate market in global real estate market by
capitalization; the Listed Real Estate gives the ratios of listed real estate in respective real estate market;
the Stock mkt gives the percentile of each stock market of the global stock market by capitalization; and
the Real Estate % of Stock mkt presents the ratios of real estate in respective stock market.
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The first column gives the percentage of each real estate market in the whole global
real estate market by capitalization. The ratios of listed real estate in the respective
each real estate market are presented in the second column. The third column provides
the percentile of each stock market of the whole global stock market by capitalization.
In the last column, the ratios of real estate in the respective stock market are presented.
As shown, these 14 capital markets are comparatively mature for the growth of the
broader stock and public real estate market. Among the 14 countries, US dominate
both the world real estate (37.42%) and stock market cap (29.96%). Japan has the
second largest real estate (14.25%) and stock market (8.27%) representation, followed
by Germany (7.92%), UK (7.73%) and France (5.63%) in real estate market, and by
the UK (6.83%), France (4.40%) and Hong Kong (4.30%) in stock market. These 14
markets comprise around 89% of the total global real estate market and 72% of the
global stock market. Meanwhile the top five countries in real estate market hold for
the 72.95% of the total and 53.76% for stock market.
Though, RREEF (2007) has pointed out that there are significant difference in
maturity, institutional and regulatory frameworks, market transparency, trading
system and transaction costs of these real estate securities markets. According to
Table 3.2, we find the largest levels of securitization in the Asia-Pacific market,
among which Australia tops the list at 30.24%. It has a well established Listed
Property Trust (LPT) market attracting investment from both institutional and retail
investors, representing over ten percent of the total market capitalization of the its
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stock market. Approximately 26% of the Hong Kong total real estate market and
25.98% Singapore total real estate market is listed. Similar to Australia, the Singapore
stock market has approximately ten percent of its market capitalization in the form of
real estate focused stocks. For Japan, though the ratio is only 4.23%, it has a long
tradition of listed real estate and have many of the global largest property companies20.
In Europe, 4.59% of UK real estate is traded on the stock market. France's figures are
just behind the UK. The UK21, France and the Netherlands22 account for over 75% of
the European public real estate market. Interestingly, the German listed real estate
market comprises only 0.45% of the total German stock market, though Germany has
a long history of indirect real estate vehicles such as open-ended funds, close-ended
funds and listed real estate companies. The ratio for the United States, listed market
heavyweight, is only 7.18%, contributing 2.32% to total stock market capitalization,
similar in Canada. Taking a simple average on a a global basis, around 6% of total
estate is traded on global stock markets, contributing to approximately 2.5 percent of
stock market capitalization.
On the other hand, based on the studies on these markets, different evidence in
dependence degree and structure between securitized real estate and stock markets
can be found based on different methodologies and different period of data (Liu et al.,
1990; Gyourko and Keim, 1992; Hutchinson, 1994; Barot and Takala, 1998; Ling and
20 Such as Mitsubishi Estate and Mitsubishi Fudosan.
21 The UK has the European's largest public real estate market.
22 Netherlands have an established and relatively large real estate securities market that accounts for
about 11% of the European developed public real estate market.
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Naranjo, 1999; Glascock et al., 2000; Fu and Ng, 2001; Jud and Winkler, 2002;
Bekiros and Georgoutsos, 2007; Liow and Li, 2011; Hoesli and Reka, 2011). Hence a
comprehensive study on the different degree of dependence and dependence structure
among international markets are necessary to indicate if there would be any potential
for cross-asset and cross-border diversification for global investors and country funds.
Because increasing interdependence between real estate markets and stock markets
when extreme returns occur, may lead to faster transmission of crisis. For locally
oriented stock markets, most real estate companies are invested domestically, and thus
are much more vulnerable to domestic economic shock. However, for more developed
countries, the domestic economy and stock markets are increasingly affected by
international markets, and it might also cause spillovers to the real estate market.
3.3 Data Description
Here we use the daily returns of indices of 14 pairs of developed global securitized
real estate and common stock markets in local currencies23 from the Standard and
Poor (S&P) Global Property and BMI databases. The data set dates from July 1, 1992
to August 12, 2011, the longest period all 28 time series return series are available. It
covers major international market events like the Asian Financial Crisis in 1997, the
introduction of Euro in 1999, the September 11 attack, the Iraq War in 2003 and the
recent Global Financial Crisis in 2007. The varied sample and longer span of data
23 Since changes in the exchange rate can have powerful effects with time legs on the economy,
changes in inflation, GDP and exports & imports, moreover, our research focuses on the relationship
between local securitized real estate and stock markets, hence this research only applies returns in local
currencies.
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provide useful information in evaluating both short-term and long-run relationships
across three geographical continents in an international environment.
(Table 3.3.1 and Table 3.3.2 here)
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Table 3.3.1 Summary Statistics of Securitized Real Estate Daily Returns of 14 Markets in Local Currency. (1992.7-2011.8)




R ARCH LM test
Q（5） Q Q（5） Q 5lags 10lags
Australia** 0.003 10.149 -18.165 1.445 -1.314 20.263 63360.00 19.152 31.514 214.567 487.654 75.174 38.316
HK** 0.016 21.505 -14.392 1.884 0.248 11.767 16020.85 26.184 37.651 325.783 518.697 46.355 25.644
Japan* 0.012 17.532 -11.187 2.053 0.400 7.532 4401.23 15.716 29.597 384.264 634.514 51.687 29.531
Singapore 0.020 26.284 -16.181 1.994 0.773 16.124 36284.22 8.264 22.431 267.168 531.876 59.716 33.684
Belgium 0.001 11.545 -12.601 1.319 -0.267 11.793 16125.27 10.732 31.652 514.325 946.742 68.934 26.716
France** 0.030 9.527 -10.382 1.308 -0.113 9.537 8890.64 24.371 44.587 635.164 1106.78 37.189 11.468
Germany** 0.010 14.961 -13.752 1.684 0.055 12.453 18571.06 25.183 51.348 684.522 987.157 48.963 19.635
Netherlands 0.006 8.587 -8.243 1.246 -0.250 9.893 9923.421 17.723 32.471 289.465 615.342 72.453 43.154
Spain - 21.502 -14.244 1.865 0.769 15.827 34682.45 14.183 36.323 442.364 794.614 51.561 22.843
Sweden** 0.045 14.767 -19.734 1.896 -0.357 10.741 12557.27 21.376 28.651 187.612 413.536 46.874 17.689
Switzerland* 0.042 7.580 -8.804 1.070 0.124 7.403 4040.453 28.244 41.231 392.879 832.471 94.635 31.568
UK 0.012 11.640 -11.265 1.465 -0.314 11.895 16521.67 7.815 18.653 94.213 352.467 36.748 21.468
Canada 0.004 9.653 -13.065 1.262 -0.668 14.119 26060.29 13.383 22.146 217.365 591.364 44.967 26.563
US** 0.015 17.099 -21.842 1.686 -0.253 30.070 152323.23 25.827 36.847 551.746 1214.56 78.678 41.537
Sources: Standard and Poor (S&P) Global Property and BMI databases
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Table 3.3.2 Summary Statistics of Stock Daily Returns of 14 Markets in Local Currency. (1992.7-2011.8)










Australia** 0.027 8.533 -16.057 1.397 -0.869 14.333 27314.62 21.732 28.879 318.79 794.58 89.561 46.948
HK** 0.024 15.330 -14.159 1.534 -0.174 12.136 17367.63 24.281 33.548 289.35 596.31 42.174 33.517
Japan 0.000 11.611 -9.189 1.440 0.075 7.452 4122.60 8.817 14.689 364.18 884.68 69.189 38.291
Singapore* 0.013 17.505 -12.398 1.480 0.213 13.067 21096.77 15.125 33.587 398.56 671.20 63.347 29.527
Belgium** 0.014 10.278 -11.491 1.306 -0.341 10.236 10976.10 32.413 45.153 596.14 929.48 82.284 36.284
France* 0.017 11.351 -11.228 1.400 -0.053 10.010 10212.17 16.508 26.847 798.52 1355.6 49.623 25.194
Germany** 0.019 11.410 -9.863 1.466 -0.140 8.306 5866.189 23.472 38.871 535.46 1276.6 61.681 42.472
Netherlands 0.020 10.264 -11.228 1.349 -0.200 10.130 10595.65 25.374 42.517 289.46 761.27 93.084 61.318
Spain 0.023 15.380 -10.514 1.503 0.002 10.239 10890.23 7.183 19.395 431.82 596.28 58.974 30.988
Sweden** 0.033 13.323 -10.324 1.772 0.013 7.634 4462.17 18.523 31.617 315.78 531.91 51.247 11.892
Switzerland* 0.033 9.433 -7.083 1.160 -0.068 7.859 4909.412 16.274 26.074 624.08 1084.7 108.27 69.341
UK** 0.013 11.883 -10.239 1.241 -0.162 12.896 20369.13 19.391 18.653 188.61 284.68 77.195 38.194
Canada* 0.030 9.981 -13.773 1.285 -0.923 14.923 30244.91 15.827 32.317 326.74 637.43 69.525 26.276
US** 0.023 10.746 -9.748 1.186 -0.318 12.092 17261.54 24.173 33.271 498.34 947.67 74.205 52.186
Sources: Standard and Poor (S&P) Global Property and BMI databases
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Tables 3.3.1 and Table 3.3.2 provide the usual descriptive statistics for all daily real
estate and stock return series respectively. Over the full study period, except for Japan,
Singapore, France, Sweden and Switzerland, all 9 other stock market returns have
outperformed the respective securitized real estate market return. The standard
derivations in securitized real estate market range between US (1.186) and Sweden
(1.772). Stock markets are less volatile ranges between 1.160 (Switzerland) and 1.772
(Sweden). Eight real estate securities markets have negative skewness, indicating an
asymmetry towards negative returns, and ten stock markets have negatively skewed
returns. Within the two asset classes, the kurtosis appears to be the largest for the
United States real estate (30.070) and Canada stock (14.923), suggesting Frechet type
tails for the distribution and indicating high tail risk in all securitized real estate and
stock markets which may be ignored by investors. And the Jarque-Bara (JB) statistics
indicate all securitized real estate and stock market daily return series are highly non-
normal. From the Ljung-Box test for autocorrelation, the squared returns are highly
auto-correlated in both securitized real estate markets in almost all countries, implying
ARCH effects among the series. It is consistent with the significant ARCH LM test
statistics. The null hypothesis of no autocorrelation can not be rejected for securitized
real estate market in Singapore, Belgium, Spain, the UK and Canada, for stock
markets only in Japan and Spain, indicated with asterisk (*), which may affect the
estimation.
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3.4 Simple Dependence Estimation
Table 3.4 provides the estimation of three common simple measures of dependence:
linear correlation coefficients ρ , Kendall's τ and Spearman's ρ , between the 14 real
estate securitized markets and the stock markets. We can find that the linear
correlation varies dramatically between the local real estate securities and stocks
among the 14 countries ranging from 0.1 (Netherlands) to 0.93 (Hong Kong).
Besides linear correlation, Kendall's τ and Spearman's ρ are two other scale-free
measures of dependence. Kendall's τ are defined as the difference between the
probability of the concordance and the probability of the discordance:
1 2 1 2 1 2 1 2
, ) [( )( ) 0] [( )( ) 0]
RE ST RE RE ST ST RE RE ST ST
R R P R R R R P R R R Rτ = − − > − − − <（
(3.1)
Kendall'sτ represents rank correlations, instead of the actual value of the observations.
The higher the τ value, the stronger is the dependence. The relation between
Kendall'sτ and the copula is as follows:
1 1
0 0
4 ( , ) ( , ) 1C U V dC U Vτ = −∫ ∫
(3.2）
Hence Kendall's τ does not depend on marginal distributions, and results using
different copula functions should be compared based on a common Kendall's τ . In
Table 3.4, we can easily observe that the Kendall's τ between securitized real estate
and stock markets are significantly positive, showing the probability of concordance
is significantly higher than the probability of discordance. While the level of
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Kendall's τ varies greatly from 0.05 (Netherlands) to 0.78 (Hong Kong), indicating
different degree of dependence between securitized real estate and stock market
among those countries.
The Spearman's ρ is defined as the Pearson correlation between the ranked variables.
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Hence, Spearman's ρ also measures the rank correlation between variables. From
Table 3.4, the Spearman's ρ s are all significantly positive, indicating strong rank
correlation. While the level of the rank correlation also varies greatly from 0.16
(Netherlands) to 0.88 (Hong Kong), indicating different degree of dependence
between securitized real estate and stock markets among those countries.
The estimates of the linear correlation ρ , Kendall'sτ and Spearman's ρ are consistent




Table 3.4 Three common measures of dependences between 14 real estate markets and stock
market for full period (1992.7-2011.8)
Countries Linear correlation ρ Kendall'sτ Spearman's ρ
Australia 0.8 0.62 0.82
Belgium 0.41 0.33 0.39
Canada 0.48 0.39 0.51
France 0.53 0.41 0.49
Germany 0.45 0.38 0.43
Hong Kong 0.93 0.78 0.88
Japan 0.7 0.49 0.73
Netherlands 0.1 0.05 0.16
Singapore 0.78 0.62 0.86
Spain 0.46 0.29 0.52
Sweden 0.5 0.38 0.56
Switzerland 0.35 0.27 0.39
UK 0.67 0.52 0.72
US 0.59 0.38 0.63
Notes: Those coefficients that are bold and underlined are the highest and lowest among all countries.
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Furthermore, we investigate the time-varying correlations between securitized real
estate and stock markets of 14 countries over 19 years using a fixed five-year rolling
window. As illustrated in Figure 3.1.1 -Figure 3.1.3, we can observe an apparent
increasing trend in the correlation between securitized real estate market and stock
markets for most countries, especially during Global financial crisis since 1997 when
most extreme returns occur. It can be also explained by the increasing capital flow
between real estate securities and stock markets, the growing international investment
and the increasing degree of integration among real estate markets.
(Figure 3.1.1-3.1.3 here)
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Figure 3.1.1 Five-year Rolling Correlation between securitized real estate and stock markets
from 1992-2011 (Asian Markets)
Figure 3.1.2 Five-year Rolling Correlation between securitized real estate and stock markets
from 1992-2011 (European Markets)
Figure 3.1.3 Five-year Rolling Correlation between securitized real estate and stock markets
from 1992-2011 (North American Markets)
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3.5 Summary
This chapter presents the market background, a descriptive statistics of data sample,
and a simple estimation of dependence between securitized real estate and stock
market in these 14 countries, which can be summarized as follows:
(a) These 14 public real estate markets include the world's most significant listed real
estate equity markets and the largest market capitalization in real estate securities in
Pacific-Asia, Europe and North America. They comprise around 89% of the total
global real estate market and 72% of the total global stock market. And there are
significant difference in maturity of these real estate securities markets.
(b) The daily returns of indices of 14 pairs of developed global securitized real estate
and common stock markets from the Standard and Poor (S&P) Global Property and
BMI databases from July 1, 1992 to August 12, 2011 are used. We find an asymmetry
towards negative returns in both markets. Frechet type tails for the distribution
indicate high tail risk in all markets. The Jarque-Bara (JB) statistics indicate all return
series are non-normal. The Portmanteau test among the first five lags, Q(5), also
indicate strong autocorrelation in most countries.
(c) The three common dependence measures: linear correlation ρ , Kendall's τ and
Spearman's ρ matrices between the real estate securitized markets and the stock
markets show similar dependence pattern. Hong Kong has the strongest dependence,
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followed by Singapore, Australia and Japan. Furthermore, the time-varying
correlations between securitized real estate and stock markets over 19 years shows an
apparent increasing trend in the correlation for most countries, especially during
Global financial crisis since 1997. It can be explained by the increasing capital flow
between real estate securities and stock markets, the growing international investment
and the increasing degree of integration among real estate markets
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Chapter 4
Extreme Correlation between securitized real estate and stock
markets
4.1 Introduction
Extreme dependence models the joint-tail distribution of extreme returns between
securitized real estate and stock markets. To grasp the dependence structure between
assets, linear correlation coefficient
ρ
has been challenged. It makes no distinction
between large and small returns, and it is only useful for multivariate normal
distributions and does not account for the structure of dependence as well as the
structure breaks. Hence multivariate extreme value theory (MEVT) is preferred for it
holds for a wide range of parametric distributions. It is a useful statistical approach to
quantify the joint behavior of co-exceedances of financial returns over a large
threshold value.
This Chapter estimates the extreme correlation between securitized real estate and
stock markets of 14 countries and tests whether the extreme correlations are
significantly different from those under multivariate normality. Empirically, we reject
the null hypothesis of bivariate normality for the negative tail for all the 14 financial
markets from our sample, but can not reject the hypothesis for the positive tails for all
countries. Furthermore, an asymmetry is also observed between correlations of left
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return exceedances and right return exceedances. Also, we compare the results
obtained based on the filtered residuals by AR(1) and three heteroskedasticity filters
(EGARCH, GJR-GARCH and SV), where excess kurtosis and heteroskedasticity are
successfully removed. We find that increase of correlation is not the only result of
market volatility itself but also the market trend.
4.2 Empirical Model and Results of Extreme Correlation Estimation
In this part, we present our empirical results of the estimation on extreme correlation
of bivariate distribution between securitized real estate and stock markets. We use raw
data of 19 year daily returns from 14 countries, as well as data filtered with AR(1) and
three heteroskedasiticity models. We also test null hypothesis of normality of
bivariate distribution between real estate securities and stocks in different countries.
4.2.1 Optimal Threshold Values
First, optimal thresholds *
θ
and the corresponding optimal number of return
exceedances *
n
are calculated with following steps. They are presented in Table 4.1 for
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(Table 4.1 here)
consideration of symmetry).
26 The tail index
ξ
gives a precise characterization of the tail of the distribution of returns. Distributions
with a power-declining tail (fat-tailed distributions) correspond to the case
ξ
>0, distributions with an
exponentially declining tail (thin-tailed distributions) to the case
ξ
=0, and distributions with no tail
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Table 4.1 The optimal thresholds and optimal number of exceedances of 14 countries and three regions.
Negative Positive
Real Estate Stock Real Estate Stock
θ n θ n θ n θ n
Australia -7.32% 279 -8.27% 315 8.53% 325 9.25% 353
Hong Kong -6.97% 266 -8.29% 316 7.11% 271 9.02% 344
Japan -7.81% 298 -8.46% 323 8.98% 342 8.32% 317
Singapore -7.83% 298 -9.31% 355 7.53% 287 8.20% 313
Belgium -6.78% 259 -8.10% 309 8.82% 336 8.69% 331
France -6.77% 258 -7.34% 280 7.52% 287 8.97% 342
Germany -8.01% 305 -7.75% 296 7.33% 280 7.68% 293
Netherlands -6.55% 250 -6.56% 250 6.23% 238 7.12% 271
Spain -8.33% 318 -8.96% 342 8.23% 314 7.39% 282
Sweden -7.20% 275 -7.72% 294 8.25% 315 7.89% 301
Swizerland -7.73% 295 -6.27% 239 8.51% 324 7.73% 295
UK -8.33% 318 -9.03% 344 8.44% 322 8.98% 342
Canada -7.29% 278 -6.76% 258 8.29% 316 8.73% 333
US -8.12% 310 -7.24% 276 7.32% 279 7.98% 304
Notes: Here θ represents the optimal threshold, and n represents the optimal number of exceedances.
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With 3813 returns provided for each series, from Table.4.1 we can clearly see that the
optimal threshold values we obtained are different for the left tail and the right tail of
the return distribution. For 14 securitized real estate markets, on average, around 250
to 318 left tail observations are used according to -6.55%–-8.33% of the total number
for left tails and around 238 to 342 right tail observations according to 6.23%-8.98 %
of return observations are used. For 14 stock markets, around 239 to 355 left tail
observations are used according to -6.27%–-9.31% of the total number for left tails
and around 271 to 353 right tail observations according 7.12%-9.25% of return
observations are used.
4.2.2 Estimation Results of Extreme Correlation
Here we estimate the parameters based on maximum likelihood estimation of the
univariate distribution of securitized real estate and stock markets. Then we estimate














the knowledge of the exact return distribution, the generalized Pareto distribution
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And we have:

























Here the model shows that a return of real estate securities or stocks
STRE
R / either does








positive return exceedances over
STRE /θ 29 with probability STREp / .
(Table 4.2 here)
expression in parentheses should be positive.
29 For likelihood function,
STRE
R / below STRE /θ is considered as censored at the threshold.
68
Table 4.2. Tail Indexes ξ of both Real Estate Securities and Stock Return of 14 countries, three regions and all countries.
Asia-Pacific Europe North America
ξ AUS HK JP SG BGM FR GM NTH SP SWE SWT UK CAN US
θ Panel A: Negative Exceedance
-10.00%
RE 0.473 0.733 0.615 0.801 0.923 0.588 0.743 0.721 0.572 0.723 0.596 0.781 0.635 0.528
ST 0.592 0.828 0.524 0.512 0.725 0.624 0.442 0.648 0.413 0.604 0.291 0.482 0.425 0.614
-8.00%
RE 0.529 0.428 0.491 0.431 0.732 0.473 0.587 0.592 0.338 0.572 0.329 0.349 0.583 0.291
ST 0.229 0.412 0.372 0.391 0.393 0.491 0.293 0.319 0.365 0.229 0.155 0.198. 0.313 0.362
-5.00%
RE 0.531 0.512 0.427 0.658 0.723 0.418 0.521 0.639 0.438 0.281 0.424 0.523 0.562 0.207
ST -0.002 0.331 -0.023 0.102 0.013 0.117 0.021 0.142 0.052 -0.002 -0.026 0.092 0.166 0.015
-3.00%
RE 0.283 0.395 0.183 0.249 0.364 0.372 0.282 0.264 -0.002 0.302 0.132 0.264 0.377 -0.115
ST 0.032 0.105 0.089 -0.036 -0.176 0.241 0.135 -0.015 0.172 -0.069 -0.134 0.032 -0.082 0.162
0.00%
RE -0.164 -0.178 -0.084 -0.107 -0.143 -0.128 -0.102 0.183 -0.182 -0.157 -0.028 -0.174 0.463 -0.028
ST -0.193 -0.043 0.132 0.193 -0.278 -0.143 -0.043 -0.114 -0.083 -0.156 -0.129 -0.193 -0.075 -0.063
Optimal
RE 0.533 0.693 0.534 0.615 0.686 0.404 0.631 0.591 0.373 0.572 0.319 0.364 0.403 0.349
ST 0.403 0.736 0.527 0.538 0.752 0.484 0.503 0.659 0.348 0.655 0.346 0.438 0.492 0.426
Panel B: Positive Right Exceedance
0.00%
RE -0.206 0.073 0.107 -0.203 0.015 -0.217 0.012 -0.043 -0.026 0.052 -0.125 0.103 -0.211 -0.243
ST 0.013 -0.028 0.163 -0.073 -0.011 0.172 0.082 -0.039 0.039 -0.133 0.053 -0.129 -0.022 -0.084
3.00%
RE 0.136 -0.261 -0.039 -0.133 -0.253 0.129 -0.103 0.172 -0.073 0.273 0.103 0.237 -0.012 -0.034
ST -0.006 0.214 0.072 0.042 0.137 0.139 0.144 0.137 0.294 0.049 -0.026 0.045 0.135 -0.035
5.00%
RE -0.166 0.152 0.137 -0.012 0.536 0.015 0.256 -0.145 0.207 -0.048 -0.032 -0.163 -0.031 0.173
ST 0.139 0.208 0.243 0.283 -0.074 0.218 0.329 0.298 0.196 0.266 0.164 -0.067 -0.103 0.174
8.00%
RE 0.379 0.443 0.394 0.483 0.681 0.263 0.298 0.463 0.462 0.478 0.355 0.491 0.274 0.338
ST 0.342 0.383 0.316 0.429 0.256 0.399 0.285 0.521 0.315 0.302 0.326 0.201 0.342 0.283
10.00%
RE 0.692 0.721 0.497 0.622 0.592 0.439 0.582 0.398 0.528 0.231 0.659 0.524 0.461 0.521
ST 0.531 0.377 0.416 0.486 0.323 0.284 0.624 0.215 0.323 0.537 0.291 0.201 0.472 0.426
Optimal
RE 0.582 0.263 0.431 0.513 0.485 0.113 0.572 0.293 0.263 0.324 0.228 0.324 0.427 0.401
ST 0.429 0.391 0.405 0.392 0.397 0.215 0.226 0.582 0.202 0.284 0.355 0.692 0.385 0.391
Notes: This table gives the maximum likelihood estimation of the tail index ξ for each asset of the logistic function.. For simplicity, AUS is used for Australia, HK for Hong Kong, JP for Japan,
SG for Singapore, BGM for Belgium, FR for France, GM for Germany, NTH for Netherlands, SP for Spain, SWE for Sweden, SWT for Switzerland, UK for United Kingdom, CANfor Canada
and US for United States.
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The estimated tail index ξ presented in Table 4.2 indicate the degree of tail fatness of
the return. For a certain level of threshold, the tail indexes are significantly different
for negative and positive return exceedances. For example, in Singapore, it is 0.658
for negative return exceedances over 5%, -0,012 for positive return exceedances.
Meanwhile, a general decreasing trend of the over-dispersion degree is also observed
from with the thresholds approaching 0%. The sign of the tail index for high threshold
values gives indication on the type of asymptotic distribution of extreme returns. They
are mostly negative for stock markets in German, Japanese, and Sweden, while
mostly positive for the rest stock markets30. And they are mostly negative for
securitized real estate markets in Canada, Hong Kong, Singapore and US, while
mostly positive for other securitized real estate markets, but not statistically
significant31.
For = , )i RE ST iR RR （ , with a vector of thresholds ( , )i RE ST iθ θ=θ , we can derive the
bivariate return exceedances. And with a dependence function iD , the univariate





of each return exceedances
satisfies the following relation:
( , ) exp( ( 1/ log , 1/ log ))REi STi
R RE ST i i REi STi
G R R D G G
θ θ
θ = − − − 32
. (4.5)
Since we do not know the exact pattern of dependence function iD , according to
30 Jansen and De Vries (1991), Loretan and Phillips (1994), and Longin (1996 and 2000) obtained
similar results in univariate studies for the stock market of United States.
31 Longin and Solnik (2001) found similar results in univariate studies for the stock markets.
32 See Ledford and Tawn (1997) A general presentation of multivariate extreme value theory can be
found in Galambos （1978） and Resnick （1987）. Specific results for the bivariate case are given
in Tawn (1988).
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previous studies, the logistic function proposed by Gumbel (1961)33 is applied here.







( , ) ( )
i RE ST RE ST
D y y y y
α α α− −= + (4.6)
Hereα controls the level of dependence between extreme returns. In our study, only
two assets are included, that is, q=2. The extreme correlation
coefficient(ECC) 21 αρ −= 35 (Tiago de Oliveira, 1973). Here the dependence
parameter of the logistic function
α
or the correlation of extreme returns
ρ
can be
estimated by maximum likelihood method.
(Table 4.3 here)
33 See Tawn (1988)and Straetmans (1998).
34 If 1=α or 0=ρ , it means asymptotic independence; if 0=α or 1=ρ , it means total dependence. The
case where returns are multivariate normal leads to a limit case of the logistic function where the
asymptotic correlation of extreme returns is equal to zero.
35 According to Tiago de Oliveira (1973). If 1=α , 0=ρ , it indicates asymptotic independence;
if 0=α , 1=ρ , it means total dependence.
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Table 4.3. Extreme Correlation of 14 individual countries estimated according to fixed and optimal levels of thresholds θ.
Asia-Pacific Europe North America
AUS*** HK* JP* SG BG** FR*** GM** NTH** SP*** SWE* SWT UK*** CAN*** US**
θ Panel A: Negative Return Exceedance
-10.00%
0.7984 0.9175 0.7207 0.8126 0.4271 0.6583 0.5836 0.6003 0.4093 0.5652 0.3606 0.7007 0.6883 0.6571
(0.013) （0.026） (0.041) （0.026） （0.032） （0.017） (0.035) (0.035) (0.027) (0.028) （0.039） （0.029） （0.031） （0.028）
-8.00%
0.7964 0.9182 0.7213 0.8119 0.4223 0.6561 0.5875 0.5988 0.4122 0.5653 0.3606 0.6992 0.6862 0.6610
(0.054) （0.146） (0.177) （0.217） （0.095） （0.117） (0.208) (0.054) (0.281) (0.354) （0.055） （0.148） （0.207） （0.154）
-5.00%
0.7981 0.9179 0.7244 0.8167 0.4215 0.6545 0.5843 0.5913 0.4094 0.5367 0.3589 0.6986 0.6783 0.6634
(0.184) （0.221） (0.064) （0.081） （0.225） （0.174） (0.087) (0.251) (0.044) (0.015) （0.065） （0.281） （0.056） （0.311）
-3.00%
0.7981 0.9193 0.7249 0.8177 0.4239 0.6521 0.5833 0.5926 0.4116 0.5372 0.3633 0.6975 0.6781 0.6652
(0.016) （0.021） (0.311) （0.304） （0.104） （0.084） (0.067) (0.106) (0.044) (0.017) （0.157） （0.264） （0.211） （0.018）
0.00%
0.8026 0.9243 0.7303 0.8240 0.4414 0.6601 0.5824 0.6038 0.4084 0.5528 0.3892 0.7038 0.6833 0.6814
(0.046) （0.116） (0.077) （0.102） （0.086） （0.103） (0.206) (0.147) (0.046) (0.116) （0.074） （0.055） （0.135） （0.154）
Optimal
0.799 0.9103 0.7231 0.817 0.4305 0.6583 0.5866 0.6022 0.4149 0.5503 0.3693 0.7041 0.6822 0.6705
(0.029) （0.035） (0.052) （0.035） （0.013） （0.033） (0.042) (0.017) (0.033) (0.045) （0.011） （0.034） （0.026） （0.033）
Panel B: Positive Return Exceedance
0.00%
0.6941 0.9015 0.7032 0.8128 0.4154 0.5574 0.5440 0.5545 0.2961 0.5420 0.3618 0.5987 0.5315 0.5976
(0.031) (0.029) (0.024) （0.042） （0.039） （0.016） (0.021) (0.022) (0.012) (0.021) （0.097） （0.019） （0.063） （0.022）
3.00%
0.6974 0.8991 0.7002 0.8105 0.4101 0.5635 0.5477 0.5606 0.2941 0.5412 0.3639 0.5936 0.5300 0.6026
(0.056) (0.176) (0.105) （0.114） （0.074） （0.114） (0.064) (0.113) (0.007) (0.074) （0.031） （0.104） （0.126） （0.088）
5.00%
0.6955 0.8983 0.6969 0.8112 0.409 0.5657 0.5476 0.558 0.2949 0.5404 0.3646 0.5899 0.5286 0.6039
(0.061) (0.122) (0.204) （0.107） （0.096） （0.064） (0.108) (0.131) (0.016) (0.066) （0.075） （0.125） （0.142） （0.104）
8.00%
0.6881 0.8964 0.6965 0.8099 0.4046 0.565 0.5527 0.5598 0.2851 0.5449 0.3652 0.5868 0.5312 0.6040
(0.136) (0.115) (0.079) （0.131） （0.053） （0.114） (0.107) (0.076) (0.014) (0.166) （0.097） （0.154） （0.081） （0.141）
10.00%
0.6879 0.8966 0.6927 0.8102 0.4011 0.5681 0.5552 0.5618 0.283 0.5421 0.3665 0.5853 0.5314 0.6058
(0.094) (0.154) (0.108) （0.201） （0.079） （0.076） (0.113) (0.057) (0.061) (0.122) （0.092） （0.066） （0.108） （0.154）
Optimal
0.6905 0.8974 0.6964 0.8101 0.4045 0.5583 0.5489 0.5623 0.2904 0.5403 0.3684 0.5903 0.5289 0.6021
(0.034) （0.047） （0.012） （0.048） （0.047） （0.020） （0.019） （0.029） （0.013） （0.028） （0.018） （0.048） （0.041） （0.038）
Notes: This table gives the maximum likelihood estimation of the correlation of return exceedances ρ of the bivariate distribution of securitized real estate and stock return. Standard errors are given below in
parentheses. The results of t-test statistics on asymmetry between negative and positive extreme correlations are indicated by * (significant at 10% level), **(significant at 5% level) and ***(significant at 1%
level). For simplicity, AUS is used for Australia, HK for Hong Kong, JP for Japan, SG for Singapore, BGM for Belgium, FR for France, GM for Germany, NTH for Netherlands, SP for Spain, SWE for Sweden,
SWT for Switzerland, UK for United Kingdom, CANfor Canada, US for United States, REG for Regional market, GLOB for Global market and Optimal for optimal thresholds estimated.
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The maximum likelihood estimation of the extreme correlation coefficient (ECC) ρ of
return exceedances of the bivariate distribution local securitized real estate and stock
returns are shown in Table 4.3 with standard errors given below in parentheses and
plotted in Figure 4.1-4.3. Compared with the constant Pearson correlation calculated
based on the whole sample in Table 3.4, we can observe higher correlations among
the return exceedances in most countries, except for Australia, Hong Kong and Spain,
where the two correlations are similar. Also, we can see a significant asymmetry
between the correlations of negative return exceedances and positive return
exceedances. For almost all countries, the correlation between negative return
exceedances is always greater than that between positive return exceedances. Such an
asymmetry is significant in most countries ( at 1%: Belgium, Germany, Netherlands
and the US; at 5% level: Hong Kong, Japan, France and the US; at 10% level: Hong
Kong, Japan and Sweden), except in Singapore and Switzerland, which can also be
observed in Figure 4.1.1-4.1.3. On the other hand, we can find the extreme correlation
based on different thresholds in Asia-Pacific markets are comparatively higher than
that of Europeans countries and North American markets. It indicates less
diversification benefits among Asia-Pacific markets under extreme periods. Hong
Kong shows the highest correlation in both negative exceedances and positive
exceedances, while Switzerland gives the lowest correlation in negative exceedances
and Spain gives the lowest correlation in positive exceedances.
（Figure4.1.1-4.1.3 here）
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Figure 4.1.1 Comparison of Extreme Correlation between Securitized Real Estate and Stock Markets for Asia-Pacific countries.
(Local Securitized Real Estate VS. Local Stock; Local Securitized Real Estate VS. Regional Stock; Local Securitized Real Estate VS. Global Stock)
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Figure 4.1.2 Comparison of Extreme Correlation between Securitized Real Estate and Stock Markets for European countries.
(Local Securitized Real Estate VS. Local Stock; Local Securitized Real Estate VS. Regional Stock; Local Securitized Real Estate VS. Global Stock)
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Figure 4.1.3 Comparison of Extreme Correlation between Securitized Real Estate and Stock Markets for Global
countries. (Local Securitized Real Estate VS. Local Stock; Local Securitized Real Estate VS. Regional Stock; Local
Securitized Real Estate VS. Global Stock)
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The maximum likelihood estimation of the extreme correlation of return exceedances
of the bivariate distribution between local securitized real estate and regional or
global stock returns are presented in Table 4.4 and plotted in Figure 4.1.1-4.1.3
compared with the those between two local markets. Apparently, most Asia-Pacific
local securitized real estate markets show a s significant higher correlation with
regional stock markets than with global stock market, except for positive return
exceedances in Australia, where such a difference is slighter when market is good.
Almost all European securitized real estate markets show a higher correlation between
regional stock markets and global stock market than Asia-Pacific markets do, except
Spain and Switzerland. It indicates that European real estate markets are more driven
by the regional and global stock markets than the Asia-Pacific countries, which may
be a results of the establishment of European Union and the higher degree of
globalization. For Canada, the local securitized real estate market exhibits a slightly
higher extreme correlation with global stock markets than with regional stock market.
While for the US, it still tends to be more integrated with regional stock markets than
with global stock markets, which reflects the significant role US stock market plays in
the world and the significant weight it accounts when the market go extremes.
(Table 4.4)
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AUS HK JP SG BGM FR GM NTH SP SWE SWT UK CAN US
θ Panel A: Negative Return Exceedance
-10.00%
Regional 0.5718 0.5640 0.6131 0.4681 0.5518 0.7000 0.6749 0.6779 0.3125 0.6518 0.3477 0.6450 0.6388 0.6498
Global 0.4896 0.3485 0.237 0.3534 0.4965 0.6321 0.6327 0.6343 0.245 0.602 0.3112 0.5924 0.6853 0.5679
-8.00%
Regional 0.5708 0.5617 0.6171 0.4648 0.5447 0.6980 0.6742 0.6786 0.3100 0.6486 0.3474 0.6456 0.6370 0.6496
Global 0.4822 0.3504 0.2348 0.3592 0.4875 0.6292 0.6322 0.6306 0.2499 0.6029 0.3128 0.5871 0.6827 0.5694
-5.00%
Regional 0.5721 0.5669 0.6154 0.4633 0.5489 0.6901 0.6656 0.6750 0.3139 0.6449 0.3475 0.6419 0.6358 0.6530
Global 0.4877 0.3476 0.2365 0.361 0.4855 0.6321 0.6329 0.629 0.2512 0.5991 0.3228 0.5846 0.6767 0.5647
-3.00%
Regional 0.5712 0.5575 0.6162 0.4619 0.5487 0.6864 0.6638 0.6725 0.3157 0.6439 0.3601 0.6436 0.6296 0.6544
Global 0.4907 0.3539 0.2391 0.3615 0.4892 0.6311 0.6296 0.6292 0.2592 0.5946 0.3268 0.5838 0.6732 0.5678
0.00%
Regional 0.5723 0.5636 0.6284 0.4713 0.5560 0.6918 0.6656 0.6798 0.3192 0.6519 0.3726 0.6499 0.6382 0.6670
Global 0.4882 0.3722 0.2502 0.3789 0.4917 0.6396 0.6226 0.6321 0.2616 0.5986 0.3379 0.5899 0.6765 0.5782
Optimal
Regional 0.5791 0.5593 0.6256 0.4688 0.5425 0.6583 0.6729 0.6714 0.3205 0.6483 0.3524 0.6456 0.6599 0.6343
Global 0.4902 0.3645 0.2455 0.3593 0.4814 0.6624 0.6219 0.6283 0.2584 0.6014 0.3413 0.5883 0.6301 0.5662
Panel B: Positive Return Exceedance
0.00%
Regional 0.4171 0.4457 0.6207 0.4177 0.4965 0.5756 0.5964 0.6053 0.2504 0.5753 0.3323 0.5676 0.4159 0.5933
Global 0.3991 0.3363 0.2054 0.2970 0.4080 0.4784 0.5260 0.5143 0.2032 0.4939 0.2173 0.4501 0.4756 0.5147
3.00%
Regional 0.4162 0.4556 0.6138 0.4113 0.5019 0.5823 0.5977 0.6131 0.2507 0.5745 0.3299 0.565 0.4206 0.5964
Global 0.4000 0.3386 0.2008 0.2956 0.4109 0.4852 0.5332 0.5148 0.2050 0.4933 0.2300 0.4476 0.4746 0.5127
5.00%
Regional 0.4159 0.4582 0.616 0.413 0.5046 0.5853 0.5999 0.6142 0.2451 0.574 0.3266 0.5645 0.4245 0.5944
Global 0.3999 0.3431 0.2012 0.3019 0.4109 0.4873 0.5323 0.5158 0.1968 0.4971 0.2329 0.4487 0.4736 0.5116
8.00%
Regional 0.4211 0.4602 0.6187 0.4122 0.5145 0.5814 0.5964 0.6164 0.2338 0.5769 0.3373 0.5608 0.4311 0.5936
Global 0.3999 0.3509 0.1970 0.3009 0.4138 0.4861 0.5320 0.5178 0.1913 0.4969 0.2353 0.4475 0.4783 0.5147
10.00%
Regional 0.4185 0.4669 0.6206 0.419 0.5131 0.5827 0.6036 0.6153 0.2315 0.5789 0.3357 0.561 0.4474 0.5930
Global 0.4063 0.3522 0.2181 0.3021 0.4121 0.4825 0.5286 0.5141 0.1931 0.5007 0.2446 0.4431 0.4812 0.5139
Optimal
Regional 0.4014 0.4783 0.6108 0.418 0.5135 0.5792 0.5863 0.6095 0.2645 0.5754 0.3315 0.5592 0.4392 0.5898
Global 0.3954 0.3314 0.2035 0.2948 0.4098 0.4905 0.5255 0.5164 0.2013 0.4835 0.2264 0.4505 0.4784 0.5113
Note: This table gives the maximum likelihood estimation of the correlation of return exceedances ρ of the bivariate distribution of local securitized real estate and respective regional stock
return as well as local securitized real estate and global stock return. The regional and global return series are simulated based on the weights of securitized real estate and stock market
capitalization of each individual countries. For simplicity,AUS is used for Australia, HK for Hong Kong, JP for Japan, SG for Singapore, BGM for Belgium, FR for France, GM for Germany,
NTH for Netherlands, SP for Spain, SWE for Sweden, SWT for Switzerland, UK for United Kingdom, CAN for Canada, US for United States, REG for Regional market, GLOB for Global
market and Optimal for optimal thresholds estimated.
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4.2.3 Comparison with Results based on the Filtered Results
The Ljung-Box test and ARCH LM test reported in Table 3.3.1 and Table 3.3.2
suggest significant autocorrelation and heteroskedasticity. Considering most of
previous studies indicating that the increase in volatilities contributes to the structure
change of correlations, the error variance must be estimated from the data. The
generalized auto-regressive conditional heteroscedasticity (GARCH) model is a
common approach to model time series with heteroscedasticity errors. On the other
hand, according to data description of Chapter 3, many return series also show auto-
regressive characteristics. Also, the Jarque-Bera normality tests for each series verify
that the marginal distributions are not normal. The order of the auto-regressive terms
k is determined and deleting the insignificant (with significant level of 5%) auto-
regressive terms. Based on this, we fit an autoregressive filter AR(1) as well as three
volatility filters to remove heteroskedasticity: EGARCH, GJR-GARCH and SV, from
all securitized real estate and stock returns of 14 countries:
EGARCH
Here EGARCH is the exponential GARCH model proposed by Nelson (1991). It
allows good news and bad news to have a different impact on volatility because
1 1/t tε σ− − are included with a coefficient 1γ . EGARCH(1,1) can be illustrated
as:
2 2
1 1 1 1 1 1 1 1 1 1ln( ) ln( ) [ / ( / ] /t t t t t t t tEσ ω β σ α ε σ ε σ γ ε σ− − − − − − −= + + − + .
GJR-GARCH
GJR-GARCH is the Glosten-Jagannathan-Runkle GARCH model by Glosten,
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Jagannathan and Runkle (1993), to modeling asymmetry in the ARCH process. It
states that negative innovations to the returns may generate higher volatility than
positive innovations. GJR-GARCH （ 1,1 ） can be illustrated as
following:
2 2 2 2
1 1 1 1 1 1 1ln( )t t t t tSσ ω β σ α ε γ ε− − − −= + + + , where itiSγ represents the leverage





α β γ+ + <
,
0ω > , 1 0α ≥ , 1 0β ≥ , 1 1 0α γ+ ≥ .
Stochastic Volatility
A Stochastic Volatility model is proposed by Kim, Shephard and Chib (1998) to
investigate the asymmetric relationship between volatility and return news. To
account for volatility asymmetry, the classical leverage SV model takes the form of
exp( / 2) , ~ . . . (0,1)
t y t t t
y h i i d Nµ σ ε ε= +
1t t th h vϕ γ+ = + , where tv is i.i.d. N(0,1),
( , )
t t
corr vε ρ= , tw is i.i.d. N(0,1) and ( , ) 0t tcorr wε = . Hence, we have
/2 2
1 ( ) 1
t
h
t t t y t
h h e y w
γ
ϕ ρ µ γ ρ
σ
−
+ = + − + −
.
(Table 4.5 here)
Table 4.5 exhibits extreme correlation coefficients according to 10% thresholds
between securitized real estate and stock returns that are filtered for autocorrelation
and heteroskedasticity. Figure 4.2-4.3 gives the estimates of extreme correlation
according to different thresholds compared with that estimated based on raw data
sample. Most extreme correlation ρ are greater than zero but reduced greatly for both
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right and left tail dependence. Different from the results obtained from raw data, in
most countries, the null hypotheses of asymptotic dependence are rejected except
France, Netherlands and Canada. In these countries, there is still significant




Table 4.5 Measures of local extreme correlation according to 10% thresholds between securitized real estate and stock returns after filtered for AR(1) and three
heteroskedasticity models (1992.7-2011.8).
Asia-Pacific Europe North America
AUS HK JP SG BGM FR GM NTH SP SWE SWT UK CAN US
Returns only filtered for AR(1)
Left 0.7970 0.9137 0.7225 0.7934 0.4382 0.6590 0.5852 0.5954 0.4029 0.5548 0.3659 0.6980 0.6763 0.6696
S.E (0.034) (0.044) (0.063) (0.027) (0.016) (0.029) (0.039) (0.023) (0.037) (0.042) (0.015) (0.037) (0.031) (0.042)
Right 0.6986 0.9007 0.6928 0.8047 0.4138 0.5713 0.5656 0.5676 0.2856 0.5491 0.3544 0.5946 0.5348 0.6084
S.E. (0.041) (0.056) (0.024) (0.048) (0.052) (0.027) (0.023) (0.024) (0.017) 0.033 0.024 (0.051) (0.049) (0.032)
EGARCH filtered residuals
Left 0.2947 0.3668 0.1463 0.7986 0.4372 0.6576 0.5862 0.5953 0.3903 0.5526 0.3649 0.6978 0.6736 0.6453
S.E (0.039) (0.065) (0.082) (0.025) (0.051) (0.035) (0.064) (0.057) (0.063) (0.038) (0.065) (0.048) (0.082) (0.039)
Right 0.3265 0.1561 0.2436 0.8060 0.4092 0.5693 0.5623 0.5648 0.2823 0.5458 0.3569 0.6004 0.5270 0.5967
S.E. (0.061) (0.073) (0.054) (0.039) (0.103) (0.026) (0.031) (0.044) (0.071) (0.052) (0.029) (0.043) (0.054) (0.083)
GJR-GARCH filtered residuals
Left 0.4312 0.4043 0.3793 0.4864 0.2821 0.3942 0.2988 0.3523 0.1168 0.2482 0.2184 0.3025 0.3864 0.3194
S.E (0.027) (0.049) (0.064) (0.041) (0.068) (0.037) (0.029) (0.044) (0.061) (0.059) (0.037) (0.063) (0.071) (0.026)
Right 0.3887 0.2854 0.3158 0.3644 0.2032 0.2451 0.0932 0.3813 0.1239 0.1387 0.2033 0.2784 0.3171 0.1884
S.E. (0.055) (0.027) (0.038) (0.047) (0.094) (0.042) (0.052) (0.026) (0.042) (0.023) (0.041) (0.039) (0.043) (0.058)
SV filtered residuals
Left 0.4038 0.3814 0.3221 0.4173 0.3014 0.3622 0.2590 0.2884 0.1087 0.1834 0.1491 0.2822 0.3271 0.2943
S.E (0.031) (0.029) (0.052) (0.039) (0.041) (0.047) (0.035) (0.039) (0.038) (0.037) (0.042) (0.034) (0.039) (0.051)
Right 0.3148 0.2619 0.2802 0.3214 0.2583 0.1933 0.0684 0.3158 0.1133 0.1463 0.1162 0.2138 0.2814 0.1533
S.E. (0.048) (0.035) (0.036) (0.063) (0.077) (0.061) (0.023) (0.037) (0.046) (0.058) (0.039) (0.055) (0.026) (0.047)
Note: All returns are filtered for autocorrelation using an AR filter with five autoregressive terms. The extreme correlation is estimate for selecting optimal threshold. .For simplicity, AUS is used for Australia,
HK for Hong Kong, JP for Japan, SG for Singapore, BGM for Belgium, FR for France, GM for Germany, NTH for Netherlands, SP for Spain, SWE for Sweden, SWT for Switzerland, UK for United Kingdom,
CAN for Canada and US for United States.
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Figure 4.2.1 Comparison of extreme correlation between securitized real estate and stock markets based on empirical distribution, simulated bivariate normal distribution
and filtered residuals by AR(1) , EGARCH, GJR-GARCH and SV models for Asia-Pacific countries.
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Figure 4.2.2 Comparison of extreme correlation between securitized real estate and stock markets based on empirical distribution, simulated bivariate normal distribution
and filtered residuals by AR(1) , EGARCH, GJR-GARCH and SV models European countries.
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Figure 4.2.3 Comparison of extreme correlation between securitized real estate and stock markets based on empirical
distribution, simulated bivariate normal distribution and filtered residuals by AR(1) , EGARCH, GJR-GARCH and SV
models North-American countries.
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Table 4.6 shows extreme correlation between filtered local securitized real estate and
filtered regional or global stock returns. Most local securitized real estate markets
show a higher correlation with regional stock markets than with global stock market.
It means that the degree of real estate markets integrating with their regional stock
market is slightly higher than that with global stock market when market go extreme.
And we can find that after filtered for the autocorrelation and heteroskedasticity, the
correlations are reduced for most countries. And they approximate the correlation
estimated based on normal distribution as plotted in Figure 4.2.1-4.2.3, especially for
GJR-GARCH model and SV models. Hence we can see the effects of varying
volatilities during extreme periods do contribute to the increase in correlation to some
extent. However, most of the extreme correlation are still significant for Australia,
Hong Kong, Singapore, Belgium, France, Germany, Netherlands, Sweden, the UK,
Canada and the US.
(Table 4.6)
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Table 4.6 Measures of extreme correlation according to 10% thresholds between local securitized real estate returns and regional or global stock returns
filtered for AR(1) and heteroskedasticity models (1992.7-2011.8).
Asia-Pacific Europe North America
AUS HK JP SG BGM FR GM NTH SP SWE SWT UK CAN US
Returns only filtered for AR(1)
Left
Reg 0.5724 0.5703 0.6200 0.4632 0.5575 0.7000 0.6680 0.6343 0.3180 0.6450 0.3457 0.6465 0.6763 0.6626
Glob 0.4719 0.3215 0.2146 0.3504 0.4939 0.6215 0.6138 0.6766 0.2626 0.5914 0.3079 0.5863 0.6825 0.6193
Right
Reg 0.4363 0.4540 0.6228 0.4245 0.5188 0.5861 0.6058 0.6133 0.2393 0.5943 0.3253 0.5647 0.5348 0.6047
Glob 0.3963 0.3500 0.2037 0.3142 0.4039 0.4771 0.5197 0.6263 0.1820 0.5028 0.2434 0.4553 0.4978 0.5684
EGARCH filtered residuals
Left
Reg 0.5725 0.5695 0.6197 0.4668 0.1822 0.6990 0.6701 0.6720 0.3108 0.6468 0.3450 0.6564 0.6347 0.6329
Glob 0.4666 0.3166 0.2112 0.3426 0.4924 0.6140 0.6073 0.6067 0.2553 0.5873 0.3067 0.5804 0.6813 0.5795
Right
Reg 0.4404 0.4550 0.6209 0.4235 0.0700 0.5861 0.5978 0.6271 0.2390 0.5945 0.3252 0.5711 0.4436 0.5851
Glob 0.3956 0.3453 0.1983 0.3085 0.3910 0.4660 0.5045 0.5057 0.1803 0.4947 0.2366 0.4602 0.4863 0.5352
GJR-GARCH filtered residuals
Left
Reg 0.2872 0.4914 0.3797 0.3982 0.2457 0.3154 0.2217 0.3284 0.1828 0.2914 0.2954 0.2424 0.3182 0.3241
Glob 0.2754 0.4883 0.3155 0.3814 0.2383 0.3086 0.2194 0.3195 0.1772 0.3037 0.2792 0.2055 0.2978 0.3153
Right
Reg 0.2015 0.4128 0.1972 0.3465 0.1138 0.2312 0.2022 0.1735 0.1346 0.2319 0.2113 0.1848 0.2345 0.2737




Reg 0.2187 0.4563 0.3515 0.3827 0.2334 0.3393 0.2173 0.2915 0.1618 0.2441 0.2161 0.1957 0.2827 0.2966
Glob 0.1945 0.3621 0.2883 0.3864 0.2086 0.3054 0.1944 0.2735 0.1381 0.2193 0.1897 0.1838 0.2133 0.2798
Right
tail
Reg 0.1723 0.3478 0.2034 0.3163 0.1393 0.2423 0.2082 0.1277 0.1037 0.1937 0.1938 0.1211 0.1854 0.2143
Glob 0.1560 0.2734 0.1849 0.2937 0.1152 0.2186 0.1836 0.1393 0.1215 0.2084 0.1575 0.1164 0.1795 0.1784
Note: All returns are filtered for autocorrelation using an AR filter with five autoregressive terms. The regional and global return series are simulated based on the weights of securitized real
estate and stock market capitalization of each individual countries. The extreme correlation is estimate for selecting optimal threshold. .For simplicity, AUS is used for Australia, HK for Hong
Kong, JP for Japan, SG for Singapore, BGM for Belgium, FR for France, GM for Germany, NTH for Netherlands, SP for Spain, SWE for Sweden, SWT for Switzerland, UK for United
Kingdom, CANfor Canada, US for United States, REG for Regional market, GLOB for Global market.
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4.2.4 Test of Normality
From Table 4.8 and Table 4.9, we test the null hypothesis of normality nor0 : ρρ =H ,
when the extreme correlation tends to zero as the threshold value goes to infinity.
Following Longin and Solnik (2001), we conduct the test based on the asymptotic and
the finite-sample cases through Likelihood test. In the asymptotic case, when the
thresholds tending to infinity, the correlation asy
nor
ρ
of normal return should be 0. While
in the finite-sample case, )(.. θρ sf
nor
of return exceedances over a given finite
threshold
θ
is computed by simulation. Table 4.7 presents correlations between normal
return exceedances according to different thresholds computed based on simulated
bivariate normal processes with means and covariance matrix equal to the empirical
bivariate distribution respectively. Based on Table 4.8, Table 4.9 and Figure 4.2.1-
4.2.336, the null hypothesis for normality for most extreme correlation estimated based
on raw data sample are rejected. While for those correlation based on filtered data
after remove the autocorrelation and heteroskedasticity effects, we can reject the null
hypothesis of bivariate normality only in Australia, Singapore, Belgium, France,
Netherlands and Canada for the left tail of distribution between the securitized real




36 In each figure, the dotted line plots the normal correlation as a function of the threshold.
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Table 4.7. Extreme Correlation of Simulated Bivariate Normaility nor
ρ
according to different thresolds based on 14 individual countries (1992.7-2011.8).
Asia-Pacific Europe North America
nor
ρ AUS HK JP SG BGM FR GM NTH SP SWE SWT UK CAN US
θ Panel A: Negative Return Exceedance
-10.00% 0.2827 0.3148 0.2173 0.2183 0.0423 0.1385 0.0492 0.0291 0.0617 0.1029 0.0482 0.2315 0.0794 0.1823
-8.00% 0.4215 0.4523 0.3354 0.3729 0.1285 0.2406 0.1483 0.0423 0.1563 0.1982 0.1532 0.3624 0.1832 0.2915
-5.00% 0.5702 0.6815 0.4728 0.5017 0.2153 0.3382 0.2573 0.0679 0.2628 0.3012 0.2614 0.4723 0.2763 0.4245
-3.00% 0.6892 0.8154 0.5824 0.6492 0.3282 0.4415 0.3482 0.0842 0.3579 0.3971 0.2918 0.5519 0.3792 0.5173
0.00% 0.8016 0.9302 0.7014 0.7803 0.4093 0.5342 0.4518 0.1174 0.4615 0.4713 0.3572 0.6738 0.4815 0.5924
Panel B: Positive Return Exceedance
0.00% 0.8016 0.9302 0.7014 0.7803 0.4093 0.5342 0.4518 0.1174 0.4615 0.4713 0.3572 0.6738 0.4815 0.5924
3.00% 0.6892 0.8154 0.5824 0.6492 0.3282 0.4415 0.3482 0.0842 0.3579 0.3971 0.2918 0.5519 0.3792 0.5173
5.00% 0.5702 0.6815 0.4728 0.5017 0.2153 0.3382 0.2573 0.0679 0.2628 0.3012 0.2614 0.4723 0.2763 0.4245
8.00% 0.4215 0.4523 0.3354 0.3729 0.1285 0.2406 0.1483 0.0423 0.1563 0.1982 0.1532 0.3624 0.1832 0.2915
10.00% 0.2827 0.3148 0.2173 0.2183 0.0423 0.1385 0.0492 0.0291 0.0617 0.1029 0.0482 0.2315 0.0794 0.1823
Note:
The simulated bivariate normal processes have means and covariance matrix equal to the empirical distribution of daily return respectively .For simplicity, AUS is used for Australia, HK for Hong
Kong, JP for Japan, SG for Singapore, BGM for Belgium, FR for France, GM for Germany, NTH for Netherlands, SP for Spain, SWE for Sweden, SWT for Switzerland, UK for United Kingdom, CANfor
Canada, US for United States.
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Table 4.8 Likelihood Ratio (LR) Test of null hypothesis 0: nor
asy
0 == ρρH
on 14 individual countries according to fixed and optimal levels of thresholds θ (1992.7-2011.8).





AUS HK JP SG BGM FR GM NTH SP SWE SWT UK CAN US
θ Panel A: Negative Return Exceedance
-10.00%
53.239 88.267 78.239 92.239 43.238 72.239 55.987 62.209 66.213 55.223 37.239 43.923 46.239 73.239
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
-8.00%
69.429 84.439 89.119 100.645 57.412 91.492 72.423 69.126 73.429 63.423 70.443 69.723 75.423 88.435
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
-5.00%
90.302 93.234 100.371 108.327 78.823 100.384 83.552 88.342 90.105 92.103 96.369 97.238 88.129 100.325
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
-3.00%
104.422 113.987 111.938 127.954 112.422 118.384 123.873 104.857 106.649 113.354 112.675 114.764 101.829 112.986
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
0.00%
130.329 143.922 143.226 139.446 127.353 143.398 133.538 129.932 126.291 128.191 137.857 136.129 124.398 142.821
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Optimal
55.209 84.256 80.121 96.367 64.275 78.342 63.239 65.355 65.214 55.837 55.209 56.029 63.223 76.298
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Panel B: Positive Return Exceedance
0.00%
63.495 92.434 78.231 89.645 61.495 89.423 73.992 72.554 89.945 83.421 96.495 60.955 89.234 97.793
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
3.00%
42.583 52.583 55.276 64.535 55.529 47.231 38.23 45.233 51.772 41.774 62.864 37.982 64.92 46.194
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
5.00%
19.352 28.338 14.353 39.352 29.439 24.891 20.103 23.364 19.765 16.564 25.352 18.657 27.323 17.512
[0.001] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
8.00%
9.239 10.223 9.782 12.255 11.284 10.382 10.342 9.441 8.936 9.326 11.292 9.131 11.228 9.242
[0.002] [0.001] [0.001] [0.000] [0.001] [0.001] [0.000] [0.001] [0.003] [0.002] [0.000] [0.001] [0.001] [0.001]
10.00%
3.253 4.127 4.233 7.253 3.253 4.122 5.372 4.213 4.532 4.153 3.253 2.753 4.223 2.235
[0.038] [0.024] [0.029] [0.024] [0.043] [0.026] [0.014] [0.028] [0.028] [0.033] [0.038] [0.043] [0.028] [0.035]
Optimal
5.239 6.223 6.292 8.139 6.449 7.229 7.242 6.236 6.613 5.042 6.239 5.883 6.293 5.894
[0.006] [0.004] [0.004] [0.003] [0.008] [0.002] [0.007] [0.010] [0.0014] [0.025] [0.005] [0.007] [0.004] [0.008]




tending to infinity is theoretically equal to 0. The p values of the tests are given below in brackets. For simplicity, AUS is used for Australia,
HK for Hong Kong, JP for Japan, SG for Singapore, BGM for Belgium, FR for France, GM for Germany, NTH for Netherlands, SP for Spain, SWE for Sweden, SWT for Switzerland, UK for United Kingdom,
CANfor Canada, US for United States and Optimal represents optimal thresholds estimated .
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based on 14 individual countries estimated according to fixed and optimal levels of thresholds θ (1992.7-2011.8).




H = AUS HK JP SG BGM FR GM NTH SP SWE SWT UK CAN US
θ Panel A: Negative Return Exceedance
-10.00%
32.592 23.187 32.654 44.567 31.586 27.592 37.982 16.592 38.509 32.927 28.562 26.352 43.892 43.592
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
-8.00%
19.236 14.342 22.236 15.534 17.324 13.293 13.267 13.378 19.236 24.602 13.574 12.298 23.492 21.345
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
-5.00%
8.293 9.384 10.932 7.293 8.023 6.739 9.231 7.223 11.534 11.673 7.693 9.043 14.384 11.286
[0.003] [0.002] [0.000] [0.011] [0.003] [0.008] [0.001] [0.005] [0.000] [0.000] [0.005] [0.001] [0.002] [0.000]
-3.00%
2.492 5.423 5.492 4.116 2.492 3.437 3.529 4.192 4.461 6.455 4.492 3.459 4.482 5.893
[0.032] [0.007] [0.011] [0.022] [0.030] [0.022] [0.023] [0.021] [0.021] [0.008] [0.019] [0.038] [0.023] [0.012]
0.00%
1.598 2.598 2.178 2.584 1.231 2.239 1.228 2.198 2.394 3.587 1.769 1.398 2.532 2.556
[0.061] [0.038] [0.064] [0.053] [0.071] [0.053] [0.072] [0.062] [0.052] [0.031] [0.055] [0.054] [0.043] [0.061]
Optimal
13.493 17.425 24.427 23.434 14.783 15.384 17.436 14.324 21.692 25.499 17.493 17.654 29.429 25.939
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Panel B: Positive Return Exceedance
0.00%
12.493 12.423 16.182 13.422 10.493 14.283 17.482 14.984 15.793 17.432 16.423 13.583 10.423 17.392
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
3.00%
9.031 10.045 12.435 10.315 8.032 12.837 13.563 9.031 8.031 9.122 11.016 9.314 9.012 10.312
[0.001] [0.000] [0.000] [0.001] [0.002] [0.001] [0.000] [0.001] [0.001] [0.001] [0.000] [0.001] [0.001] [0.000]
5.00%
4.239 5.987 6.645 6.232 3.583 6.223 5.882 6.921 5.169 7.209 5.543 4.392 6.265 6.341
[0.004] [0.003] [0.001] [0.003] [0.005] [0.002] [0.003] [0.002] [0.003] [0.006] [0.003] [0.009] [0.002] [0.003]
8.00%
1.934 2.283 2.878 1.931 1.923 2.925 1.239 2.334 1.934 1.934 2.937 2.334 2.976 2.044
[0.042] [0.037] [0.031] [0.042] [0.047] [0.031] [0.034] [0.030] [0.039] [0.042] [0.033] [0.026] [0.034] [0.041]
10.00%
0.829 1.249 1.475 0.725 0.763 0.732 0.921 0.822 1.129 1.227 0.829 0.948 0.843 1.219
[0.092] [0.072] [0.075] [0.097] [0.120] [0.122] [0.085] [0.097] [0.083] [0.092] [0.092] [0.093] [0.086] [0.072]
Optimal
1.495 1.938 2.163 1.525 1.572 1.872 1.823 1.633 1.377 1.471 1.393 1.457 1.823 1.615
[0.028] [0.018] [0.023] [0.037] [0.023] [0.019] [0.026] [0.028] [0.058] [0.068] [0.026] [0.078] [0.024] [0.057]
Note: The correlation of return exceeedance ( )θρ nor
f.s
over a given finite threshold θ is computed by simulation assuming that returns follow a bivariate-normal distribution with parameters equal to the
empirically observed means and covariance matrix of return. The p values of the tests are given below in brackets. For simplicity, AUS is used for Australia, HK for Hong Kong, JP for Japan, SG for
Singapore, BGM for Belgium, FR for France, GM for Germany, NTH for Netherlands, SP for Spain, SWE for Sweden, SWT for Switzerland, UK for United Kingdom, CANfor Canada, US for United States,and
Optimal represents optimal thresholds estimated.
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Looking into Table 4.8 and Table 4.9, for all countries, the null hypothesis of
normality is rejected for high negative thresholds at the 5% confidence level. Taking
the US as an example, when threshold
θ
=-5 percent, the Likelihood Ratio (LR) test
strongly rejects the null hypothesis of normality, by a test statistic of 100.325 with a
very low p value for the asymptotic case (Table 4.8), and 11.286 with also a low p
value for the finite-sample case (Table 4.9). From Figure 4.2.1-4.2.3 the estimated
extreme correlations depart with the theoretical correlation under normality for high
negative thresholds, while few of the test statistics are significant.
4.3 Summary
In this chapter, we model the joint distribution of real estate securities and stock
returns exceedances of 14 global mature financial markets from Asia-Pacific,
European and North American regions by extreme value theory following Longin and
Solnik (2001).
According to our results, widespread asymptotic dependence between local
securitized real estate and stock returns can be found in almost all countries. And it
has been evidenced that degree of dependence increases more dramatically when
market go extremes, especially during crashes. Hence, without considering extreme
dependence, portfolio risk exposure, especially the exposure for extreme risks, will be
improperly assessed and will suffer substantial loss. To reduce portfolio extreme risk
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exposure through tail diversification, those assets with low extreme dependence
should be included. For Asia-Pacific countries, significantly high extreme correlation
can be found between their local securitized real estate and stock markets. But the
extreme correlation between local securitized real estate market and regional or global
stock market are quite low, indicating a diversification benefits in Asia-Pacific
markets for international investors. For European countries, the dependence levels are
comparatively lower than those of Asian countries. And most of them exhibit
comparatively slight higher extreme correlation between local securitized real estate
and local or regional stock markets, than with global stock market, indicating a
diminished benefits for diversification among European markets. In the North
American countries, significantly high extreme correlations are also found. The local
markets show almost the same extreme dependence with regional market in the US,
and global market in Canada. It indicates little diversification benefits in Canada
securitized real estate and regional stock market, while there still exists diversification
benefits for international investors to some extent in the US market. Hence, portfolio
investors can use the extreme correlation to construct less vulnerable portfolios to
extreme risks and to achieve tail diversifications. Also, it also indicates that one
market is more easily to be affected when the other market goes bad, rather than when
it goes well. It may be a result of clustering of news, or the aversion of risk among
investors. Such asymmetric dependence should be considered during portfolio
construction process, especially for those risk averse investors.
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On the other hand, we find tail indices and tail dependence are substantially reduced
but still significant in some countries based on residuals filtered by AR(1) and three
heteroskedasticity models (EGARCH, GJR-GARCH and SV). To conclude, the
diversification benefits among securitized real estate markets is reduced in many
countries local markets, but can still be found for international investment for Asia-
Pacific and North American investors. While such benefits is weakened for European
investors, indicating that changing volatilities have contributed to the increase of
extreme dependence, but cannot explain all the characteristics.
The modeling of portfolio joint tail distribution requires detailed estimation of
individual tail distributions and asset extreme value dependency. Hence a better
understanding of the dynamics of conditional correlation when securitized real estate
and stock markets go extremes means a lot in finance applications. Due to the
limitation of this chapter to fully describe the exact bivariate distribution under
extreme markets, we will further investigate the extreme dependence structure based
on Copula models, which can investigate the hedging efficiency gain and option
pricing improvement. And ongoing research in this area should provide better tools
for portfolio management and risk diversification.
96
Chapter 5
Tail Dependence Coefficient between Securitized real estate and
Stock Markets based on SJC Copula
5.1 Introduction
Based on previous discussion, tail dependence is a copula property (Embrechts et al.,
2003), and the use of copulas to model dependence has been highlighted. A copula is
a function that links together univariate distribution functions to form a multivariate
distributions and reveal the strength of dependence and the dependence structure.
Regarding the real estate field, the constant symmetrized Joe-Clayton copula is
applied to examine the relationships between real estate and stocks for the U.K. and
global markets(Knight et al., 2005). Within the same methodological framework,
conditional tail dependence are also estimated in U.S., U.K., Japan, Australia, Hong
Kong and Singapore (Gao and Zhou, 2010) and in international stock markets
(Jondeau and Rockinger, 2006).
In this chapter, we further study the extreme dependence between securitized real
estate market among these countries in addition to the study of extreme correlations.
We investigate tail dependence coefficients based on a copula flexible enough to fit
the possibly different dependence structures, and asymmetric as well as symmetric
dependence. After performing a battery of goodness-of-fit tests, we employ both the
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constant and time-varying symmetrized Joe-Clayton (SJC) copula (Patton, 2006) to
grasp the tail dependence between two assets and the changes of tail dependence over
time to assess the impact of a crisis on the fundamental relations between markets.
Finally, the measures of dependence between securitized real estate and stock markets
are compared. The links between extreme correlation and SJC Copula tail dependence
coefficients (TDCs) are further studied based on panel analysis. Based on it, we
discuss the implications for portfolio investors holding both real estate securities and
stocks to employ these measures in practice.
5.2 Empirical Model and Results of Tail Dependence Coefficients
Estimation
As discussed in Chapter 2, tail dependence coefficients is another useful dependence
measure that measures the probability that both variables are in their left or right joint
tails. Copula models fit the joint distribution tails well. In this chapter, we estimate the
tail dependence coefficient (TDC) using symmetrized Joe-Clayton (SJC) copula
(Patton, 2006), which is flexible to fit different dependence structures from tail
dependence to tail independence for both the left and right tails, allowing asymmetric
tail dependence in either left or right tail, as well as symmetric dependence.
5.2.1 Data Filtering
Firstly, according to the studies in Chapter 4, AR(1)-GJR-GARCH(1,1) model
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perform well to remove the fat-tails and heteroscedasticity for our sample of data. To
model marginal distributions, we filter the series of financial returns to get i.i.d
residuals by AR(1)-GJR-GARCH(1,1) model (Glosten et al., 1993). And it captures
the leverage effect of volatility which states that negative innovations to the returns
may generate higher volatility than positive innovations. The filter of AR(1)-GJR-

























Where itS is a dummy variable, itS = 1 if 0<itε and itS =0 otherwise. The
part itiSγ represents the leverage effect. The estimates of the parameters of both
securitized real estate and stock markets are presented in Table 5.1.
(Table 5.1 here)
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Table 5.1 Estimation of Marginal Models for Securitized Real Estate and Stock Market of 14 countries (1992.7-2011.8).
Constant(Mean) AR(1) Constant ɑ(ARCH) β(GARCH) γ(GJR) DF
Australia
RE 52.74172 1.0006 0.01141 0.05924 0.94034 -0.00052 8.53035
ST 108.44797 1.0015 0.03232 0.05100 0.92581 0.04194 8.36665
HK
RE -5.23481 1.0003 0.08065 0.07563 0.91627 0.01301 5.70347
ST 90.54903 1.0011 0.06039 0.05318 0.92702 0.03402 5.47985
Japan
RE 53.43422 0.9988 0.19195 0.09244 0.86171 0.02465 5.55939
ST 110.84878 0.9991 0.04080 0.04970 0.91345 0.04016 8.82926
Singapore
RE 76.54888 1.0009 0.03745 0.08003 0.91551 0.01982 5.76898
ST 27.15396 1.0007 0.02246 0.07139 0.90874 0.03534 7.38589
Belgium
RE 88.59672 0.9978 0.00634 0.02808 0.97131 -0.01158 6.39418
ST 51.36201 1.0008 0.01795 0.07091 0.91224 0.03902 9.21950
France
RE 108.72663 0.9930 0.00355 0.03029 0.96916 -0.00588 7.92654
ST 76.80018 1.0009 0.01187 0.04606 0.93331 0.04378 10.91325
Germany
RE -208.65051 1.0001 0.01306 0.08430 0.92959 -0.01743 5.12820
ST 61.80420 1.0008 0.01904 0.05357 0.92304 0.05032 11.71547
Netherlands
RE 74.00326 1.0009 0.00345 0.06566 0.94516 -0.01826 6.20368
ST -18.30548 1.0005 0.01401 0.05634 0.91826 0.05778 12.20426
Spain
RE -154.56235 1.0003 0.14277 0.11323 0.90404 -0.01769 4.41429
ST 51.64377 1.0009 0.01532 0.06488 0.92509 0.02951 8.66979
Sweden
RE 87.28338 1.0013 0.15523 0.11243 0.90268 -0.01769 6.00261
ST -39.47788 1.0007 0.04280 0.05704 0.93213 0.02843 9.11335
Switzerland
RE -86.56780 1.0002 0.04483 0.06864 0.94030 -0.02159 5.80582
ST 45.14940 1.0006 0.03162 0.04903 0.92218 0.06186 10.63298
UK
RE 59.34650 1.0005 0.02214 0.07555 0.92782 -0.00118 5.77860
ST 47.50800 1.0006 0.01108 0.04464 0.93355 0.04226 10.84105
Canada
RE 43.80934 1.0010 0.00662 0.08045 0.90695 0.02580 7.16381
ST 63.04008 1.0013 0.00724 0.08171 0.91476 0.02090 7.13652
US
RE 98.30522 1.0014 0.00402 0.11583 0.88878 0.01335 6.22777
ST 44.97942 1.0008 0.00438 0.02345 0.93072 0.09947 5.96578
Notes: Here RE represents Real Estate and ST represents Stock.
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Learned from Table 5.1, the AR(1) are significant auto-regressive terms, indicating
that the returns of yesterday will significantly affect the return today. Meanwhile, both
ARCH and GARCH terms are strongly significant, which implies heteroscedasticity
of the data. The degrees of freedom for the 28 series vary from 4.41429 to 12.20426
and statistically significant. And the degree of freedom for the stock market for most
countries are higher than that of respective securitized real estate market, except
Australia, Hong Kong, Canada and the US. For these countries, the degree of freedom
are pretty the same for the two markets, indicating that t copula is not suitable for
modeling the dependence as discussed in following section
5.2.2 Estimation of Constant Tail Dependence Coefficient (TDC)
Once we obtain the i.i.d. residuals itz , we then need to construct its marginal
distribution )( ii zF . In this study, we adopt the semi-parametric method of Danielsson
and de Vries (2000) to build )( ii zF . This method models the interior part of )( ii zF by
applying the extreme value theory (EVT). It allows for a combination of the good
approximation of the interior of the distribution provided by the empirical distribution,
and the statistical vigor of modeling the tails provided by the extreme value theory.
Here we use the 10% and 90% quintiles of returns as the cut-off points between the
distribution interior and tail (Neftci, 2000). The nonparametric Gaussian kernel is
applied here to model the interior part, which does not make specific distributional
assumptions and allows the data to determine the shape of the interior. In the extreme
value theory, a well-defined tail follows generalized Pareto distribution (GPD)
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(Balkema and de Haan, 1974; Pickands, 1975), as illustrated in Chapter 4:
1/
, ( ) 1 (1 ( ) / )G z z
ξ
ξ σ
ξ θ σ += − + ⋅ − (5.2)
And we have:
lim sup ( ) ( ) 0
u z u
F z G z
θ θ
θ θ→ < < − = (5.3)
Once we obtain the marginal distribution )( ii zF for each itz , we can use a copula
function to link them. A copula is a function that links together distribution functions
to form a multivariate distribution function. Here we consider a vector random
variable for the filtered residuals of real estate securities and stock returns for
country i we obtained from previous section, [ , ]'i REi STiZ Z Z≡ . With joint distribution
of iF and marginal distributions ,REi STiF F , there exists a function iC called copula which
joins ,REi STiF F (Sklar's, 1959):
( ) ( ( ), ( ))
i i i REi REi STi STi
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− (5.6)
exists, then the copula C is said to show left or right tail dependence if (0,1]lλ ∈
or (0,1]rλ ∈ , and left tail independence or right independence if 0lλ = or 0rλ = .
l
λ and rλ are called coefficients of tail dependence, which capture the probability of
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co-movements of the random variables during extreme events.
There are a variety of copulas to choose from (Joe, 1997; Nelson, 2006). Different
copulas usually represent different dependence structure with the association
parameters indicating the strength of the dependence. Some commonly used copulas
in economics and finance include: Gaussian copula, student t copula, Gumbel copula,
Rotated Gumbel Copula, Clayton copula, and Symmetrized Joe-Clayton (SJC) copula.
Their characteristics can be illustrated as follows:
Bivariate Gaussian copula
Here in bivariate Gaussian copula:
1 1( , ; ) ( ( ), ( ), )C U V U V
ρ
ρ φ φ φ ρ
− −=
(5.7)
where , [0,1]U V ∈ and [0,1]ρ∈ , ρ
φ
is the bivariate normal distribution function with




is the inverse of the univariate normal distribution
function. That is, we can construct bivariate distributions with non-normal marginal
distributions and the Gaussian copula. However, The Gaussian copula has zero tail
dependence, therefore 0l rλ λ= = .
T copula
The T copula is defined as:
1 1










is the inverse of the univariate student t distribution. In
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Gumbel copula
The Gumbel copula is defined as:
1
( , ) exp( (( ln ) ( ln ) ) )C U V U Vα α α
α
= − − + − (5.10）
where (0,1]α ∈ is the associate parameter can be linked with the
Kendall's τ as 1/ (1 )α τ= − . Here in Gumbel copulas there is no left tail dependence
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Clayton copula
The Clayton copula is defined as:
1/( , ) ( 1)C U V U Vα α α
α
− −= + − （5.12）
where 0α > is the associate parameter can be linked with the
Kendall'sτ as 2 / (1 )α τ τ= − . Contrast to the Gumbel copulas, here in Clayton copula
there is no right tail dependence but only left tail dependence. It is in accordance with
the phenomenon well documented in the literature that financial returns have a much
stronger correlation in the left tail than right tail (Longin and Solnik, 2001; Ang and
Bekaert, 2002; Ang and Chen, 2002; Poon et al., 2004; Garcia and Tsafack, 2007. And





λ = and 0rλ = (5.13)
Symmetrized Joe-Clayton (SJC) copula
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However, there is little empirical evidence about the dependence structure between
the securitized real estate market and the stock market in literature. Thus, it requires
the copula to be flexible enough to fit the possibly different dependence structures
ranging from tail dependence to tail independence for both the lift and right tails.
Hence, as discussed previously, the most commonly used Gaussian and T copulas in
economics and finance are not suitable in our sample, indicating fat tails and
asymmetric distribution as shown in Chapter 3. Moreover, T copula requires constant
degree of freedom for the marginals, contradictory to our results obtains previously.
Considering the asymmetric tail dependent copulas, the Gumbel copula only captures
positive right tail dependence and the Clayton copula only captures positive left tail
dependence, making neither of them suitable here. Therefore, after performing a
battery of goodness-of-fit tests, the Symmetrized Joe-Clayton (SJC) copula (Patton,
2006) is introduced here. It allows both upper and lower tail dependence, as well as
both asymmetric and symmetric dependence, given by:
( , , )=0.5 , , ) ,1 , ) 1)
SJC l r JC l r JC l r
C U V C U V C U V U Vλ λ λ λ λ λ= ⋅ + − + + −（ （ （1-
(5.14)
Where JCC is Joe-Clayton (JC) copula of Joe (1997), which is defined as
1 1
( , , ) 1 (1 {[1 (1 ) ] [1 (1 ) ] 1} )k k k
JC l r
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− (5.16)
In our sample, the filtered residuals of real estate and stock return series in country i ,
and the joint distribution is modeled with SJC copula as:
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( , ) ( ( ), ( ))
i REi STi SJC REi REi REi REi
F z z C F z F z= (5.17)
where the two coefficients of tail dependence ( , )l rλ λ can be jointly estimated in SJC
copula as parameters by the one stage full maximum likelihood (ML) approach
simultaneously with other parameters in the marginal models and the parameters of
the copula model, through maximizing the copula logarithm likelihood
[ ( ( ), ( ))]
Ci i REi REi STi STi
L Log C F z F z= . We can test for tail independence against tail
dependence, as well as tail symmetry against tail asymmetry. The parameters
estimated for all 14 countries are presented in Table 5.2 and Table 5.3.
(Table 5.2 here)
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Table.5.2 Tail indexes and dispersion parameters estimated based on the SJC copula models (1992.7-
2011.8).





Left Right Left Right Left Right Left Right
Australia 0.314 0.289 2.047 1.944 0.261 0.331 3.112 4.345
HK 0.247 0.157 2.648 2.515 0.388 0.207 2.532 3.176
Japan 0.189 0.213 2.897 2.913 0.317 0.186 2.665 3.016
Singapore 0.303 0.188 4.675 2.685 0.352 0.214 2.043 2.975
Asia-Pacific 0.289 0.207 2.918 2.122 0.321 0.187 3.216 2.896
Belgium 0.331 0.316 3.166 3.287 0.201 0.146 2.334 3.454
France 0.143 0.135 1.353 1.959 0.124 0.047 2.561 3.146
Germany 0.397 0.308 1.269 3.163 0.196 0.114 2.185 3.323
Netherlands 0.268 0.164 2.338 3.077 0.386 0.487 2.799 3.068
Spain 0.225 0.159 2.046 2.164 0.168 0.167 3.647 3.232
Sweden 0.304 0.134 3.511 3.616 0.425 0.062 4.316 2.844
Switzerland 0.189 0.147 1.864 1.938 0.185 0.145 2.794 2.951
UK 0.136 0.243 3.213 3.513 0.277 0.224 2.314 2.246
Europe 0.121 0.106 2.044 3.015 0.195 0.169 3.436 1.852
Canada 0.223 0.204 3.561 2.314 0.223 0.224 4.521 2.478
US 0.279 0.255 1.474 2.443 0.294 0.156 4.187 4.353
North America 0.208 0.164 2.251 2.191 0.226 0.134 3.764 3.885
Global 0.231 0.177 2.036 1.864 0.189 0.121 3.654 3.364
Notes: This table gives the maximum likelihood estimation of the tail index and dispersion parameter of the bivariate
distribution of securitized real estate and stock return with SJC copula. The regional and global return series are simulated
based on the weights of securitized real estate and stock market capitalization of each individual countries.
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In Table 5.2, the tail index ξ and dispersion parameter σ estimated for both real estate
securities and stock returns of all 14 countries and three regions as well as global
market are presented. We can know that all of the dispersion parameters are greater
than one, indicating over-dispersion among most of these markets. The tail index ξ
indicating the degree of tail fatness of the return, are significantly different for left and
right tails in both asset returns in most countries. For example, the tail index for left
tail over10% threshold of securitized real estate market in Singapore is 0.303 and for
right tail is 0.188. In the stock market of Singapore, it is 0.388 for left tail and 0.207
for right tail. Meanwhile, the tail indexes are much lower than that presented in
Chapter 4 obtained based on raw data. It indicates that AR(1)-GJR-GARCH(1,1)
model has removed the tail fatness to a great deal, but not all characteristics, and
significant tail characteristics can still be found in most countries.
(Table 5.3 here)
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Table.5.3.1 Tail Dependence Coefficients between local securitized real estate and stock markets estimated
based on the SJC copula models for 14 countries (1992.7-2011.8).
Left TDC S.D. Right TDC S.D. Log Likelihood
Australia*** 0.6208 (0.00135) 0.5581 (0.00316) 1450.65
HK** 0.8594 (0.00053) 0.7663 (0.00098) 2805.22
Japan* 0.6677 (0.00091) 0.6420 (0.00265) 1435.66
Singapore 0.7470 (0.00322) 0.7270 (0.00071) 1710.53
Belgium* 0.3572 (0.00089) 0.3758 (0.00242) 567.45
France** 0.4299 (0.00196) 0.3867 (0.00091) 819.61
Germany** 0.4205 (0.00109) 0.3434 (0.00334) 1333.44
Netherlands** 0.4013 (0.00586) 0.3639 (0.00315) 734.77
Spain*** 0.2970 (0.00205) 0.1509 (0.00312) 300.64
Sweden* 0.5709 (0.00041) 0.5330 (0.00155) 1076.20
Switzerland** 0.3303 (0.00335) 0.3580 (0.00799) 435.37
UK* 0.5243 (0.00089) 0.4945 (0.00346) 1151.02
Canada** 0.5486 (0.00214) 0.4966 (0.00063) 1031.15
US** 0.4628 (0.00205) 0.4057 (0.00681) 741.46
Notes: This table gives the maximum likelihood estimation of the tail dependence coefficients of the bivariate distribution of
securitized real estate and stock return with SJC copula. Standard deviations are in parentheses. The results of t-test statistics on
asymmetry between left and right tail dependences are indicated by * (significant at 10% level), **(significant at 5% level) and
***(significant at 1% level).
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In Table 5.3.1, the estimation of local left dependence coefficients and right tail
dependence coefficients and the copula log likelihood of the 14 countries are
presented. Overall, the levels of the tail dependences in Asia-Pacific countries are
quite significant ranging from 0.5581 to 0.8594, ranging from 0.1509 to 0.5709 in
European countries and ranging from 0.4057 to 0.5486 in North American countries.
All of the tail dependence coefficients are statistically significant according to the
standard errors, by which tail independence hypothesis can be rejected. Among all
these countries, Hong Kong has both the highest left tail dependence
coefficients lλ (0.8594) and right tail dependence coefficients rλ (0.7663). It is
followed by Singapore with second highest left tail dependence coefficients lλ (0.7470)
and right tail dependence coefficients rλ (0.7270) . Since lλ and rλ measure the
dependence between the returns of real estate securities and stocks when both of them
are in extremely small or large values. The significance of lλ and rλ means existence of
extreme co-movements of the Hong Kong securitized real estate market and stock
markets. That is, the two assets have higher tendency to crash or booms together,
which is in accordance to the some basic findings in international finance literature.
For example, when local stock market is booming, investors consider it as a sign for
the prosperous of most related industries of real estate sector. Then the demand of
investment in real estate sector increases, which reveals quickly in real estate
securities market for its higher liquidity. On the other hand, the prosperity in real
estate sector also determines the benefits of many underlying industries. Hence the
prices of real estate securities is also considered as a significant indicator for the
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common stock market. Since investors are more sensitive to the extreme events, such
links between the two markets tend to be more significant when market go extremes.
It indicates a diminished diversification benefits in those countries with high local tail
dependence between securitized real estate and stock markets. While we can still find
some diversification benefits in some countries with comparatively lower local tail
dependence. For example, Spain has the lowest left tail dependence
coefficients lλ (0.2940) and right tail dependence coefficients rλ (0.1509), and
Switzerland has the second lowest left tail dependence coefficients lλ (0.3303) and
right tail dependence coefficients rλ (0.3580).
Meanwhile, an asymmetry between the left tail dependence and right tail dependence
to different degree is also found in countries. It is tested by t-test statistics and
indicated by *(significant at 10% level), **(significant at 5% level) and
***(significant at 1% level) in Table 5.3.1. Most of the countries exhibit a higher left
tail dependence, except in Belgium and Switzerland. It implies that, most of the two
markets tend to crash together than to boom together, which is consistent with basic
knowledge and most evidence about financial market in literature.
(Table 5.3.2)
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Table.5.3.2 Tail Dependence Coefficients between local securitized real estate with regional and global stock
markets estimated based on the SJC copula models for 14 countries (1992.7-2011.8).
Left TDC S.D. Right TDC S.D. Log Likelihood
Australia
Regional 0.4123 (0.00384) 0.3795 (0.00146) 846.88
Global 0.2742 (0.00277) 0.2576 (0.00515) 1041.61
HK
Regional 0.5806 (0.00142) 0.5694 (0.00323) 415.89
Global 0.2281 (0.00089) 0.2658 (0.00227) 856.44
Japan
Regional 0.3527 (0.00264) 0.3153 (0.00462) 1288.42
Global 0.3168 (0.00552) 0.2746 (0.00083) 1033.74
Singapore
Regional 0.5274 (0.00064) 0.4795 (0.00246) 954.08
Global 0.4421 (0.00359) 0.4162 (0.00087) 1286.34
Belgium
Regional 0.3089 (0.00681) 0.2986 (0.00043) 767.22
Global 0.1893 (0.00204) 0.2042 (0.00135) 528.51
France
Regional 0.3517 (0.00075) 0.3867 (0.00643) 1157.42
Global 0.2192 (0.00488) 0.1951 (0.00095) 778.65
Germany
Regional 0.2894 (0.00413) 0.2933 (0.00293) 929.17
Global 0.2257 (0.00093) 0.1958 (0.00358) 284.92
Netherlands
Regional 0.2194 (0.00151) 0.3639 (0.00316) 713.61
Global 0.1563 (0.00355) 0.1624 (0.00282) 1629.85
Spain
Regional 0.2216 (0.00589) 0.1247 (0.00146) 1154.22
Global 0.2087 (0.00266) 0.0895 (0.00072) 280.98
Sweden
Regional 0.4365 (0.00071) 0.4188 (0.00334) 876.36
Global 0.1682 (0.00625) 0.1435 (0.00076) 558.74
Switzerland
Regional 0.2561 (0.00055) 0.2674 (0.00761) 417.25
Global 0.2043 (0.00383) 0.1856 (0.00255) 793.54
UK
Regional 0.4472 (0.00525) 0.4056 (0.00164) 1674.78
Global 0.3783 (0.00174) 0.3589 (0.00045) 489.16
Canada
Regional 0.4237 (0.00163) 0.3784 (0.00379) 959.34
Global 0.4094 (0.00327) 0.3561 (0.00085) 914.26
US
Regional 0.2918 (0.00798) 0.2655 (0.00226) 705.72
Global 0.3141 (0.00069) 0.2743 (0.00487) 838.55
Notes: This table gives the maximum likelihood estimation of the tail dependence coefficients of the bivariate distribution between
each local securitized real estate with regional and global stock return by SJC copula. Standard deviations are in parentheses.
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The estimation of left dependence coefficients and right tail dependence coefficients
between local securitized real estate and regional as well as global stock markets, and
the copula log likelihood of the 14 countries are presented in Table 5.3.2. Overall, the
local securitized real estate markets exhibit lower tail dependence with regional and
global stock market than with local stock market. Also, the local securitized real estate
markets exhibit a higher dependence with the regional markets than with the global
market, except in the US, where both the left and right tail dependences are slightly
higher with global stock (0.3141 for the left tail; 0.2743 for the right tail) market than
with regional stock markets (0.2918 for the left tail; 0.2655 for the right tail). In
general, the levels of the tail dependences between Asia-Pacific local securitized real
estate market with the regional stock market are quite significant ranging from 0.3153
to 0.5806, ranging from 0.1247 to 0.4472 in European countries and ranging from
0.2655 to 0.3141 in North American countries. And the levels of the tail dependences
between Asia-Pacific local securitized real estate market with the global stock market
are quite significant ranging from 0.2281 to 0.4421, ranging from 0.0895 to 0.3783 in
European countries and ranging from 0.2743 to 0.4094 in North American countries.
All these evidence indicate a higher dependence with regional markets in Asia-Pacific
countries and European countries, while a higher dependence with global market in
North American countries. It shows a diminished diversification benefits of
international investment in stock market with local securitized real estate market in
North American countries. While such benefits can still be found in Asia-Pacific and
European countries.
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Such findings we found in Table 5.3.1 and Table 5.3.2 in tail dependence from local,
regional and global perspectives provide implications for diversification across
securitized real estate and stock markets during extreme periods for those
international portfolio investors interested to diversity portfolio risks through global
investments. And it also shed light in asset pricing, in which the joint risk among the
assets plays a vital role.
5.2.3 Estimation of time-varying Tail Dependence Coefficients
In order to examine the evolution of tail dependence over time, we further employ a
time-varying SJC copula (Patton, 2006), under which lλ and rλ evolve according to:
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Where
1)1()( −−+≡Λ xex is the logistic transformation.
To focus on the effects of extreme events on the extreme dependence between
securitized real estate and stock markets, the time-varying tail dependence of 14
countries are also estimated by means of the symmetrized Joe-Clayton copula (Patton
2006). The parameters estimated in Equation 5.18 and 5.19 are presented in Table 5.4,




Table 5.4 Parameters estimated from time-varying copulas between local securitized real estate and
stock markets estimated based on the SJC copula models for 14 countries (1992.7-2011.8).














Australia 2.2828 -5.4423 -2.2498 -0.4849 -3.0419 2.2988 1483.9406
HK 1.4612 0.7996 -0.4102 1.9171 -0.8055 -0.0472 684.3378
Japan 1.4991 -4.0704 -0.5916 0.8245 -4.0784 0.6193 1055.9380
Singapore 1.5866 -4.7819 -0.1943 0.8103 -2.9471 0.8378 928.6249
Belgium 2.0840 -10.1215 -1.5938 -1.9832 -0.4330 4.1219 1491.2881
France -1.9070 -0.7425 4.0384 -1.7576 -0.7821 3.7730 1024.3824
Germany 0.7802 -7.6155 0.2478 -1.8948 -0.4113 3.9332 1452.2062
Netherlands 0.1792 -6.1659 1.2806 -1.9699 -0.3950 4.0828 845.4694
Spain 1.8298 -16.2611 -2.0955 -1.9615 -0.6485 4.1627 1733.4650
Sweden -1.8113 -0.4616 3.7887 -1.9740 -0.1947 4.0257 384.3068
Switzerland 3.1474 -12.2218 -3.1245 3.4509 -13.1376 -3.6025 1120.4188
UK 0.9699 -4.2987 -0.6284 -1.9665 -0.4788 4.0996 522.8946
Canada -0.3558 -2.0619 1.3454 -1.9922 -0.1574 4.0425 1205.8268
US 1.7035 -7.4440 -2.0320 -1.7915 -0.8116 3.8360 772.3214
Notes: This table gives the maximum likelihood estimation of the parameters of the time-varying copula models of the
bivariate distribution of securitized real estate and stock returns:
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From Figure 5.1.1-Figure 5.1.3, a dynamic dependence structure over 19 years
compared with constant tail dependences estimated previously are illustrated in
Figure 5.1.1-Figure 5.1.3 to grasp the differences in their variation over time. The
solid lines plot the the time-varying Tail Dependence Coefficients (TDC) estimated
from time-varying SJC copula model and the dotted lines plot the constant TDC. The
green lines graph the left tail TDCs and the red lines graph the right tail TDCs. Here
we find that the patterns of the time-varying TDCs between securitized real estate and
stock markets in each country exhibit quite different pattern.
For all the four Asia-Pacific countries illustrated in Figure 5.1.1, no structure break in
the TDCs over the 19-year can be observed. While we can only find that the TDCs
fluctuate vigorously in Australia ranging from 0.28 to 0.77 for the left tail and from
0.35 to 0.67 for the right tail, compared with the quite stable pattern of both the left
and right tail TDCs in Hong Kong. It is consistent with the parameters estimated in
Table 5.6. For Japan, the left and right TDCs show quite similar pattern with litter
difference and comparatively lower variation. In Singapore, such a dependence
between securitized real estate and stock markets under extreme periods tend to
vibrate more in right tail rather than in left tail, ranging from 0.37 to 0.79. Hence the
TDCs we calculate for the securitized real estate and stock markets in Hong Kong and
Japan, as well as the left tail TDC in Singapore, are not time or market trend
dependent, compared with those we estimated in Australia.
(Figure 5.1.1 here)
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Figure 5.1.1 Tail dependence coefficients estimated based on SJC Copula model for Asia-Pacific countries.
z
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For the graphs of eight European countries in Figure 5.1.2, quite apparent trend in the
changes of TDCs between real estate securities and stocks can be observed in both left
and right tails in Spain, Sweden, Switzerland and the UK. It can only be found in the
left tail of France, and the right tail of Belgium, Germany and Netherlands. For Spain
and Switzerland, significant increase in both left and right TDCs during the periods
from 1996 to 2001 and from 2005 to 2009 can be observed, before and after the Asian
Financial Crisis and Global Financial Crisis. It indicates that the two local asset
markets tend to be more tightly linked during extreme periods in both countries.
Meanwhile, the TDCs in Switzerland vibrates dramatically with time, which is also
consistent with the parameters estimated in Table 5.6. While for Sweden, the TDCs
are quites stable with little a downward trend over time, which means that the local
securitized real estate and stock markets tend to be less interdependent during extreme
periods over these 19 years. And it indicates that the increasing diversification among
these two assets and since the TDCs are quite stable to the changes of market over
time, the estimates of TDC is reliable for those investors. Considering the UK market,
a drop of both the left and right TDCs are found during 2005-2007, just before the
Global Financial Crisis, which may be a result of the expanding cross-border
investment in real estate in UK. In Belgium, Germany and Netherlands, the right tail
dependence tends to decrease with great vibration over the study period, indicating
that when market go prosperous, the linkage between the two assets tend to be weaker
during these years, especially during the global finance crisis.
(Figure 5.1.2 here)
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Figure 5.1.2 Tail dependence coefficients estimated based on SJC Copula model for European countries.
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In the two North American countries as presented in Figure 5.1.3, the TDCs are quite
stable without any significant change in Canada, while it reveals greater vibration in
the US market, especially in the right left TDCs, with a few significant drops in 1998,
2002 and from 2006 to 2007. This implies that the extreme dependence between local
securitized real estate market and stock markets in the US decreased dramatically. It
may be a results of the attractiveness to invest in the US markets for international
investors, until the break of Global Financial Crisis. While in Canada, the TDCs are




Figure 5.1.3 Tail dependence coefficients estimated based on SJC Copula model for North
American countries.
122
To summarize, the dynamic Tail Dependence Coefficients (TDC) over 19 years
estimated from time-varying SJC copula model exhibit quite different pattern between
securitized real estate and stock markets in each country. No structure break is
observed in all the four Asia-Pacific countries. TDCs fluctuate vigorously in Australia
for both tails, compared with the quite stable pattern of both the left and right tail
TDCs in Hong Kong and the similar pattern with litter difference and comparatively
lower variation in Japan, as well as a more volatile TDCs in right tail in Singapore.
While for the European countries, significant increase in both left and right TDCs
before and after the Asian Financial Crisis and Global Financial Crisis can be
observed in Spain and Switzerland. Meanwhile, a quite stable TDCs with a light
downward trend over time is found in Sweden, a drop in both the left and right TDCs
is also found just before the Global Financial Crisis in the UK market. A decreasing
trend of the right tail dependence with great vibration is observed in Belgium,
Germany and Netherlands. For the two North American countries, the TDCs are quite
stable without significant changes in Canada, while the right TDCs are found to
vibrate more vigorously in the US market, with a few significant drops in 1998, 2002
and from 2006 to 2007.
Hence the time-varying TDCs between the securitized real estate and stock markets in
Hong Kong, Japan in both tails, as well as the left tail TDCs in Singapore, are quite
reliable and not time or market trend dependent, compared with those in Australia. On
the other hand, in Europe, the two local assets markets tend to be more integrated
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during extreme periods in Spain and Switzerlands, while less interdependent in
Belgium, Germany, Netherlands and Sweden. This indicates the diminished
diversification benefits among these two assets during extreme periods in Spain and
Switzerland and increasing diversification benefits in Belgium, Germany, Netherlands
and Sweden. The results is also consistent with the expanding cross-boarder
investment in real estate in UK. And dramatically decreased extreme dependence
between local securitized real estate market and stock markets in the US may be a
result of the advantage in the US markets for international investors, until the break of
Global Financial Crisis. While the less volatile TDCs in Canada for they are less
influenced by other factors in the international markets on its two assets markets.
5.3 Relationship Analysis between Extreme Correlation and SJC
Copula TDC
Here we firstly grouped the linear correlation coefficients, Kendall's τ and
Spearman's ρ we estimated in Chapter 3, extreme correlation estimated in Chapter 4
and tail dependence coefficients estimated in Chapter 5 of 14 countries into three sub-
groups respectively in ascending order, which is listed in Table 5.5.
(Table 5.5 here)
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Table 5.5 Comparison of linear correlation coefficients ρ , Kendall's τ and Spearman's ρ , extreme correlation
(EC) and SJC Copula tail dependence coefficients (TDC). (1992.7-2011.8).
Left Tail Right Tail










Netherlands Netherlands Netherlands Spain Spain Spain Spain
Switzerland Switzerland Belgium Switzerland Switzerland Switzerland Germany
Belgium Spain Switzerland Belgium Belgium Belgium Switzerland
Germany Belgium Germany Germany Netherlands UK Netherlands
Spain Germany France Sweden Germany Sweden Belgium
Medium
Canada US Canada UK France France France
Sweden Sweden Spain Netherlands US US US
France Canada Sweden US UK Japan UK
US France US France Canada Netherlands Canada
High
UK Japan UK Japan Sweden Canada Sweden
Japan UK Japan Canada Australia Germany Australia
Singapore Australia Australia Australia Japan Australia Japan
Australia Singapore Singapore Singapore Singapore Singapore Singapore




is used for Extreme Correlation for the left tail and
r
EC
is used for Extreme Correlation for the
righ tail; HK is used for Hong Kong.
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From Table 5.5, we find that the orders of the degree of the linear correlation
coefficient ρ are not very much different than those based on Kendall's τ and
Spearman's ρ . While extreme correlation and SJC Copula TDC reflect different
pattern, especially for the left tails. For example, the linear correlation coefficient ρ ,
Kendall's τ and Spearman's ρ between securitized real estate and stock markets in
Netherlands are shown to be lowest among 14 countries. While the extreme
correlation and the SJC Copula TDC ranked the 7th and 4th place for the left tail, the
9th and 4th place for the right tail. The extreme correlation ( 0.642 for left tail; 0.639
for right tail) and SJC Copula TDC ( 0.401 for left tail; 0.364 for right tail) are
significantly larger than linear correlation (0.105), Kendall's τ ( 0.054) and
Spearman's ρ (0.163). A similar dramatic difference can also be found in Canada and
Sweden, etc. These may lead to unexpected loss for portfolio investors. Meanwhile,
the extreme correlation tend to variate more from linear correlation coefficients ρ than
SJC Copula TDCs, especially for left tail. And these are more meaningful for
portfolio managers having long trading positions holding both real estate securities
and stocks.
Then we use dynamic panel data method to examine how the extreme correlation and
SJC Copula TDCs affect each other using an appropriate ordinary least squares (OLS)
estimation technique. All the extreme correlation and SJC Copula TDCs are
incorporated in the cross section and time series dimensions. We take TDCs as the




, and extreme correlation as the dependent variables, denoted by jt
EC
. The
panel comprises all 14 countries in our sample over full period. To examine the
impact of Asian Financial Crisis (AFC) and Global Financial Crisis (GFC), we add
four dummy variables to indicate five periods: before AFC (1992-1996), AFC (1997-
2000), after AFC (2001-2003), before GFC(2004-2007), GFC(2007-2011). After
conducting the Hausman test, we use the random effects estimation here.
(Table 5.6 here)
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Our empirical results of panel data analysis shows that SJC Copula TDC have
significant and plausible effects on extreme correlation. The inclusion of dummies
indicating effects of financial crisis do reduce the interaction. It means significant
idiosyncratic effects of omitted variables or neglected heterogeneity perspective for
both left and right tails across time as well as across countries, indicating significant
individual effect of different countries at different time. Meanwhile, the significant
influence of AFC and GFC can also be observed on extreme correlation. It means the
modeling of extreme correlation and SJC Copula TDC cannot be substituted for each
other, especially under those extreme periods when the macroeconomic environment
depressed.
Table 5.6 Panel Regression between Extreme Correlation Coefficients (EC) and Tail Dependence
Coefficients (TDC) among 14 countries（1992-2011）
Left Tail Right Tail
Dependent Variables Explanatory Variables M1 M2 M1 M2
EC Constant 0.5000*** 0.5311*** 0.2747*** 0.3018***
TDC 0.2114*** 0.1351*** 0.5796*** 0.5277***
AFC 0.0168** -0.0088**
after AFC 0.0053* -0.0092**
before GFC 0.0010* -0.0122**
GFC 0.0296*** 0.0165**
Cross-section random 0.9582 ** 0.9696** 0.8639* 0.8941**
Idiosyncratic random 0.0418 * 0.0304* 0.1361* 0.1059*
R-squared 0.4020 0.5366 0.6623 0.7068
Note: The results of t-test statistics are indicated by * (significant at 10% level), **(significant at 5% level) and
***(significant at 1% level); here EC refer to Extreme CorrelationM1 refers to Model 1, which does not include dummy
variables, M2 refers to Model 2, which include four dummy variables.
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5.4 Summary
In this chapter, based on real estate securities and stock returns of 14 global mature
financial markets from Asia-Pacific, European and North American regions, dating
from July, 1992 to August, 2011, filtered by the AR(1)-GJR-GARCH(1,1), both
constant left and right tail dependence coefficients between securitized real estate and
stock markets are estimated firstly from the flexible symmetrized Joe-Clayton (SJC)
copula. Based on the estimation, we find that though the strength of tail dependence
varies across countries, overall, tail independence hypothesis can be rejected in all
local markets. Here we find that Hong Kong has both the highest left and right tail
dependence coefficients, followed by Singapore, with diminished diversification
benefits. While we can still find such benefits in some countries with comparatively
lower local tail dependence, for example, Spain and Switzerland. Our results provide
implications for portfolio holdings when market go extremes, for the existence of tail
dependence changes the composition of the portfolios.
An asymmetry between the left and right tail dependence to different degree is also
found in countries. Most of the countries exhibit a higher left tail dependence except
in Belgium and Switzerland. It shows that most of the two assets in local markets tend
to crash together than to boom together. It sheds light in asset pricing, in which the
joint risk among the assets plays a vital role, and it provides implications for
diversification benefits across securitized real estate and stock markets during
extreme periods.
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When exploring the markets from regional and global market, we can find a higher
dependence between local securitized real estate markets and regional stock markets
in Asia-Pacific countries and European countries, while a higher dependence with
global stock market in North American countries.
On the other hand, the time-varying TDCs between the securitized real estate and
stock markets in Australia, Hong Kong, Japan and Singapore, are quite reliable and
not time or market trend dependent. During extreme periods, the diversification
benefits among securitized real estate and stock market are found to decrease in Spain
and Switzerland, and increase in Belgium, Germany, Netherlands and Sweden. The
results also indicate expanding cross-boarder investment in real estate in the UK. And
the advantages in the US markets for international investors before the break of
Global Financial Crisis also fit our results. It is inferred that the two assets markets in
Canada is less influenced by factors in the international markets. These findings are
very important for global investors in their portfolio management during extreme
markets, such as portfolio tail diversifications, portfolio selections, portfolio risk
management and hedging strategies.
In addition, dependence assumptions play a vital role in multivariate financial models,
our study and the performance of SJC copula indicate that such a measure is a flexible,
informative and direct methodology. It separates the marginal distribution from the
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dependence structure, well suited for a variety of financial modeling purposes to
assess dependence structure. Through it, tail dependence can be estimated and provide
with a more accurate assessment of the dependence between financial markets. It can
be applied as a more effective measure in risk management and pricing models, which
has been very rare in the real estate literature. Moreover, increasing development of
real estate securities helps to transfer risks through hedging for portfolio investors.
Hence it is natural to apply the SJC copula to assess the dependence structure between
securitized real estate and stock markets to estimate the hedging effects of real estate
securities.
According to the comparison among the five measures, it is found that the extreme
correlation and SJC Copula TDC are significantly larger than linear correlation,
Kendall'sτ and Spearman's ρ in Netherlands, Canada and Sweden, etc. It may lead to
unexpected loss for portfolio investors when market crashes if such difference are
neglected. For example, if the investor can bear the medium level correlation between
securitized real estate and stock markets in Canada, however the high left extreme
correlation coefficients and SJC Copula TDC may incur dramatic losses when market
crashes. Meanwhile, the extreme correlation tend to variate more from linear
correlation coefficients ρ than SJC Copula TDC, especially for left tail, which are
more meaningful portfolio managers who have long trading positions holding both
real estate securities and stocks. It also indicates that extreme correlation and SJC
Copula TDC measures dependence structure and degree of extreme dependence
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differently in methodologies, whereby capturing different information in dependence
structure and degree of extreme dependence among markets
Based on the panel regression on extreme correlation and SJC Copula TDC, we found
that they are different in their respective average levels and dynamics. And the
significant and plausible effects of SJC Copula TDC on extreme correlation,
significant influence of AFC and GFC, as well as significant idiosyncratic effects of
omitted variables or neglected heterogeneity perspective for both left and right tails
across time as well as across countries are also found. In addition, neither extreme
correlation nor SJC Copula TDC can substitute each other to fully describe
dependence structure individually. Hence it would be more reliable for portfolio
investors holding both real estate securities and stocks to take both extreme
correlation and SJC Copula TDC into consideration as well as pay special attention to




6.1 Summary of Main Findings
This study explores the extreme dependence between securitized real estate and stock
markets. We estimate the extreme correlation coefficients as well as tail dependence
coefficients, based on extreme value theory following Longin and Solnik (2001) and
the symmetrized Joe-Clayton (SJC) copula model proposed by Patton (2006). We
apply daily returns of 14 Global mature financial markets among which two are from
North America, eight are from Europe and four are from the Asian-Pacific region. The
data set dates from July, 1992 to August, 2011, giving us at least a 19-year horizon,
which covers major international market events like the Asian Financial Crisis (AFC)
in 1997, the introduction of Euro in 1999, the September 11 attack, the Iraq War in
2003 and the recent Global Financial Crisis (GFC) in 2007.
The widespread asymptotic dependence is found between securitized real estate and
stock returns based on the extreme correlations estimated in almost all countries, as
well as between local markets and regional and global markets. The normality tests
are significantly rejected in extreme correlations between the daily returns of
securitized real estate and stock markets among these countries. Furthermore, for
most countries, the conditional extreme correlations of securitized real estate and
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stock returns tend to increase more when the market crashes. From the results
obtained based on the filtered residuals obtained by AR(1) and three
heteroskedasticity filters (AGARCH, ADC and SV), tail indices and tail dependence
of securitized real estate and stock returns are substantially reduced but are still
significantly high. Hence changing volatilities have contributed to the increase of
extreme value dependence to some extent, but can’t explain all the characteristics we
observe.
On the other hand, according to the estimation of tail dependence coefficients (TDC)
between securitized real estate and stock markets by the SJC copula, significant tail
independence to different degrees can be found in different countries. An asymmetry
between the left and right tail dependence to different degree is also found in
countries. Most of the countries exhibit a higher left tail dependence, which is also a
feature we found in extreme correlations between the two assets markets. When
exploring the markets from regional and global market, we can find a higher
dependence between local securitized real estate markets and regional stock markets
in Asia-Pacific countries and European countries, while a higher dependence with
global stock market in North American countries. It indicates a diminished
diversification benefits of international investment in stock market with local
securitized real estate market in North American countries, while such benefits can
still be found in Asia-Pacific and European countries. Moreover, the time-varying Tail
Dependence Coefficients indicate that the extreme dependence are quite reliable and
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not time or market trend dependent in most Asia-Pacific countries. In Europe,
significant increase in both left and right TDCs before and after the Asian Financial
Crisis and Global Financial Crisis can be observed in Spain and Switzerland.
Meanwhile, and quite stable TDCs with a slight downward trend over time is found in
Sweden with a decreasing trend in right tail dependence in Belgium, Germany and
Netherlands. A drop in both the left and right TDCs is also found just before the
Global Financial Crisis in the UK market. For the two North American countries, the
TDCs are quite stable without significant changes in Canada, while the right TDCs
are found to vibrate more vigorously in the US market, with a few significant drops
during extreme periods.
In comparison, it is found that the extreme correlation and SJC Copula TDC in
Netherlands, Canada and Sweden, etc, are significantly larger than linear correlation,
Kendall's τ and Spearman's ρ . The extreme correlation tend to variate more from
linear correlation coefficients ρ than SJC Copula TDC, especially for left tail.
Moreover, the panel regression shows significant and plausible effects of SJC Copula
TDC on extreme correlation, significant influence of AFC and GFC, as well as
significant idiosyncratic effects of omitted variables or neglected heterogeneity
perspective for both left and right tails across time as well as across countries.
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6.2 Implications of the Research
Our study finds asymptotic dependence between securitized real estate and stock
returns in most countries, as well as between local markets and regional and global
markets. Tail independence can be rejected, indicating the diversification benefits
diminish in those countries with high local tail dependence during extreme periods.
For Asia-Pacific countries, significantly high extreme correlation can be found
between their local securitized real estate and stock markets. Even among all 14
countries, Hong Kong still shows the highest left and right tail dependence. In Hong
Kong, real estate securities account for a substantial portion of the stock market, and
among the top 20 listed companies, ten of them are real estate or real estate-related
companies. And the six major real estate developers accounts for about 40 to 50
percent of market share of the new supply of residential and office properties. On the
other hand, non-real estate development companies hold substantial real estate also37.
But the extreme correlation between local securitized real estate market and regional
or global market are quite low, especially with global market, indicating a
diversification benefits in Asia-Pacific securitized real estate markets for international
investments. On the other hand, the time-varying TDCs between the securitized real
estate and stock markets in Australia, Hong Kong, Japan and Singapore, are quite
reliable and not time or market trend dependent.
37 Raymond Y. C. Tse, Department of Building & Real Estate, Hong Kong Polytechnic University,
Hung Hom, Kowloon, Hong Kong
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For European countries, the dependence levels between local markets and regional
markets are comparatively lower than those among Asian countries. Most of them still
show higher diversification benefits for international investment than local and
regional investment in stock markets. And we can still find diversification benefits in
Spain and Switzerland with comparatively lower local tail dependence. Most of the
countries exhibit a higher left tail dependence except in Belgium and Switzerland,
implying most of the two assets in local markets tend to crash together than to boom
together. It sheds light in asset pricing, in which the joint risk among the assets plays a
vital role. During extreme periods, the diversification benefits among securitized real
estate and stock market are found to decrease in Spain and Switzerland, and increase
in Belgium, Germany, Netherlands and Sweden. It is a result of the tightening of
regulations to straighten up their financial situation despite the pessimism among the
market. The results also indicate expanding cross-boarder investment in real estate in
the UK.
In the North American countries, significantly high extreme dependence is also found.
In Canada, the local securitized real estate market shows higher extreme dependence
with global stock market than with regional stock market. It indicates less
diversification benefits among Canada local securitized real estate and stock market,
and a higher diversification benefits for regional investment than international
investments. In the US market, there still exists diversification benefits for
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international investments to some extent. The advantages in the US markets for
international investors before the break of Global Financial Crisis also fit our results.
A strong linkage between local real estate markets and local stock markets could be
driven by the fact that most real estate companies are invested domestically only and
thus are much more vulnerable to domestic economic shocks. A large part of the
positive correlation between real estate and stock prices can be attributed to economic
fundamentals, and markets are inter-linked because of common exposure to world
economic conditions.
For a domestic investor, currency risk is a key factor that affects choice of cross-
border investment. Exchange rate fluctuations reinforce rather than offset the stock
market movements. Asian countries, connected to global markets as centers for
international trade, communications, employment of migrants and direct foreign
investment, are more vulnerable to the currency risk. For European investors, the
coverage of Euro makes currency risk less a problem, and for U.S. Real estate,
currency options behave like an insurance policy to foreign investors. Another
concern on international diversification needs to address issues of market size which
shows the capability to absorb substantial amounts of capital and liquidity which
shows if assets can be sold quickly when markets are heading down. For Asian-
Pacific stock markets, they are relatively less mature, and property companies play a
comparatively more important role in the stock markets. In practice, as bases for
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diversification, investors also look to micro level categories such as tax treatment, the
level of permitted leverage, lease maturity and duration, tenant types and degree of
supply constraints as well as tactical categories pertaining to investment allocation. In
Australia, the property trust is treated as a separate entity for income tax purposes
allowing it to claim deductions on depreciation and interest payments. In the US, 95%
of the income from the trust must be distributed. In the UK property companies are
treated like any other company and are taxed at source. Moreover, investors are faced
with greater challenges and higher costs in obtaining information about foreign
markets. Investors in practice may overweight exposure to home-country markets and
underweight, or in some cases ignore, exposure to foreign markets regardless of the
market's potential risk-return enhancement benefits to the investors' portfolios.
Furthermore, investors may assign country caps to limit their exposure to any single
foreign market as part of their risk management mandates.
The increasing in the international linkages between securitized real estate and stock
markets may be a result of the unprecedented surge in cross-border investment
activities over the past decade, which is largely driven by globalization of the capital
markets. Investors look to international real estate markets as a source for yield
enhancement for their portfolios. Yield compression in domestic markets have
increasingly led investors in developed countries to seek opportunities to achieve
higher returns by investing in the more risky emerging markets and non-core assets.
Another possible reason is the increasing popularity of REIT-type structure globally.
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The tax-transparency of a REIT system leads to increased transparency of the
companies which allows potential and current investors to obtain more complete
information about the financial prospects. Thus, the possibilities to invest abroad are
more practicable and the information flows easier. On the other hand, it is well known
that people invest more in direct real estate in the region of their home country. Hence
knowledge of the local economy is crucial, leading to national or regional factors
influencing the real estate market. Thus, investors purchasing international real estate
securities may behave in a similar fashion because they consider that this asset has
similar risks or characteristics as its underlying asset.
Also, for most countries, the conditional extreme correlations of securitized real estate
and stock returns tend to increase more greatly when the market crashes, indicating
that one market is more easily to be affected when the other market goes bad. It may
be a result of clustering of news, or the aversion of risk among investors. And we find
tail indices and tail dependence are substantially reduced after the returns are filtered.
But an asymptotic dependence can still be found in the left tails of the bivariate
distribution in many countries. Hence changing volatilities among the markets have
contributed to the increase of extreme value dependence to some extent, but can’t
explain all the characteristics we observe.
In addition, as dependence assumptions play a vital role in multivariate financial
models. Our study and the performance of SJC copula indicate that such a measure is
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a flexible, informative and direct methodology well suited for a variety of financial
modeling purposes to assess dependence structure. Through it tail dependence can be
estimated and provide with a more accurate assessment of the dependence between
financial markets. The SJC copula can be applied as a more effective measure in risk
management and pricing models.
Furthermore, our studies show that extreme correlation and SJC Copula TDC capture
different information in dependence structure and degree of extreme dependence
among markets. Hence it would be more reliable for investors to take both extreme
correlation and SJC Copula TDC into consideration, as well as pay special attention to
the idiosyncratic characteristics of different markets under extreme periods.
To summarize, a well diversified portfolio in usual times does not necessarily imply
that it will be satisfactorily diversified in stressful times. Adding assets with weak or
no lower extreme dependence essentially is an insurance against extreme negative
portfolio returns (similar to buying out-of-the-money index puts) as these assets do
not realize their worst returns when the markets realizes its worst return.
Consequently, investors who are sensitive to extreme downside losses will require a
return premium for holding stocks with strong lower tail dependence. Hence the
extreme joint behavior of financial series is crucial. Therefore, the financial
implications of our findings mean a lot in many finance applications.
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6.3 Limitation and Further Research
Our research extends the literature, for this is the first research in real estate study
utilizing the extreme correlation and TDC based on copula methodology to measure
how securitized real estate returns move with stock market returns from a global
respect in extreme market conditions. It provides new evidence on extreme
dependence between securitized real estate and stock markets under different market
background and at different times, to examine if the benefits from portfolio
diversification are eroded during crisis periods. Due to the limitation to fully describe
the exact bivariate distribution under extreme markets between securitized real estate
and stock markets, we further investigate the tail dependence structure and degree
based on estimation of using Copula models to fit our sample. We compare results to
further study these international markets. It provides implications for financial
practices such as portfolio tail diversifications, portfolio selections, portfolio risk
management, hedging strategies, and assets allocation for the international portfolio
investors who are interest in investment in those countries.
Further work could also investigate the hedging efficiency gain and option pricing
improvement with a model for extreme dependence that captures the characteristics
observed here. Ongoing research in this area should provide better tools for portfolio
management and risk diversification.
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